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PREFACE. 


Owing  to  the  large  edition  of  this  work  issued  at  the  end  of 
1890,  a  rather  longer  period  than  usual  has  occurred 
between  successive  issues.  The  book,  however,  has  been 
out  of  print  for  nearly  a  year  owing  to  pressure  of  other 
matters,  and  the  time  required  for  investigation  of  new 
processes  or  modifications  of  old  ones. 

It  will  be  seen  that  considerable  alterations  and  additions 
have  been  made  in  various  sections,  so  as  to  bring  the 
work  up  to  date  as  closely  as  possible. 

The  sections  thus  altered,  and  others  entirely  new, 
comprise  chiefly  the  articles  on  Calibration  of  Instruments, 
the  Kjeldahl  process.  Boric  Acid,  Hydrofluoric  Acid  and 
Fluorides,  Arsenic,  Chromium,  Copper,  Cyanogen  and 
Cyanides,  Iron,  Lead,  Manganese,  Mercury,  Nickel, 
Phosphoric  Acid,  Sugar,  Sulphur  and  its  compounds. 
Tannin,  Zinc,  Oils  and  Fats,  and  Urine. 

As  respects  the  volumetric  method  as  applied  to  many 
organic  substances,  and  the  action  of  modern  indicators 
in  such  work,  nothing  has  been  attempted,  partly  because 
the  results  hitherto  obtained  have  not  been  altogether 
satisfactory,  but  mainly  because  this  subject  comes 
specially  within  the  scope  of  my  friend  A.  H.  Allen's 
well-known  work  on  Organic  Analysis,  and  it  cannot  in 
my  opinion  be  left  in  better  hands. 

My  thanks  are  especially  due  to  Mr.  W.  B.  Giles,  F.I.C., 
for  his  original  article  on  the  estimation  of  Hydrofluoric 
Acid,  and  for  the  benefit  of  his  long  practical  experience 
in  the  examination  of  Sulphur  Compounds  and  Phosphoric 
Acid. 


VI  PREFACE. 

Mr.  J.  W.  Westmoreland  has  also  rendered  great 
service  in  the  articles  on  Copper,  Iron,  and  Manganese. 

Dr.  James  Edmunds  has  also  favoured  me  with 
suggestions  on  Urinary  analysis,  which  I  believe  to  be  of 
considerable  practical  value. 

I  have  availed  myself  in  some  instances  of  the  excellent 
abstracts  of  original  papers  now  being  published  in  the 
Analyst,  which  reflect  great  credit  upon  the  present 
management  in  this  department. 

My  son,  W.  L.  Sutton,  A.I.C.,  has  rendered  me  help  in 
the  general  revision  of  the  book  and  the  correction  of 
proof  sheets. 

This  labour  has  hitherto  been  taken,  in  the  five  previous 
editions,  by  my  friend  W.  Thorp,  B.Sc,  who  would 
willingly  have  continued  his  kind  services,  but  the  delay 
in  preparation  of  the  book  has  necessitated  extra  rapidity 
in  printing  and  revision. 

The  nomenclature  of  chemical  substances  is  mainly  the 
same  as  in  previous  editions,  and  inasmuch  as  the  book  is 
largely  used  by  many  persons  who  are  practical  workers,  and 
not  advanced  theoretical  chemists,  I  have  continued  the 
use  of  such  terms  as  sodic  bicarbonate  in  place  of  sodium 
hydrogen  carbonate,  and  similar  modern  terms. 

The  aim  throughout  the  whole  series  of  editions  has 
been  to  make  the  book  a  guide  to  practical  workers,  and  to 
condense  the  descriptions  of  processes  as  much  as  is 
possible,  without  the  sacrifice  of  accuracy  or  clearness. 
Notwithstanding,  the  present  edition  will  be  enlarged  by 
more  than  thirty  pages. 

FEANCIS  SUTTON. 

Norwich, 
Avguti,  1896. 
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Abbreviatiozui  and  Explanations. 

The  formulBB   are   constnicted    on    the   basis    H^l.      0=16 
H«0=18. 

The  normal  temperature  for  the  preparation  and  use  of  standard 
solutions  is  16**  C,  or  about  60*  Fahr. 

cc.  denotes  cubic  centimeter. 

gm.      „       gram  =  15-43235  grains  English. 

gm.      „       grain. 

dm.      „       decem=  10  fluid  grains  at  16"  C. 

1  liter  =  1000  cc.  at  16**  C. 

1  cc.  =  1  gm.  distilled  water  at  16'  C. 

1  dm.  =  10  grn.         „  „ 

Distilled  water  is  to  be  used  in  all  the  processes,  unless  other- 
wise expressed. 

Normal  Solutions  are  those  which  contain  one  gram  atom  of 
reagent  (taken  as  nionol>a8ic),  or  an  equivalent  in  some  active 
constituent  (e.ff.  oxygen)  in  tlie  liter  (see  page  28). 

Decinormal  Solutions  are  one-tenth  of  that  strength  =  y^. 

Centinormal,  one  hundredth  =  yj^y. 

Empirical  Standard  Solutions  are  those  which  contain  no 
exact  atomic  proportion  of  reagent,  but  are  constructed  generally  so 
that  1  cc  =  0'01  gm.  (one  centigram)  of  the  substance  sought 

A  Titrated  Solution  (from  the  French  word  tifre,  title  or 
)>ower)  denotes  a  solution  whose  strength  or  chemical  i>owor  has 
been  accurately  found  by  experiment 

When  a  chemical  sulwtance  or  solution  is  directed  to  be  titrated^ 
the  meaning  is,  tliat  it  is  to  Ik)  (quantitatively  tested  for  tlie  amount 
of  pure  substance  it  contains  by  the  help  of  standard  or  titratc<l 
solutions.  The  term  is  used  in  jireference  to  tegtetl  or  anaJi/zpffj 
l)ecause  these  expressions  may  relate  e<pially  to  qualitative  and 
quantitative  examinations,  whereas  titrations  can  only  apply  to 
quantitative  examination. 

J,  C.  S,  denotes  Journal  of  the  Chemical  Scjciety  (Transactions 
only). 

J,  <S'.  C.  I.     „     Journal  of  the  Society  of  Chemical  Industry. 
Z,  CL  C,        „      Zeitschrift  fiir  Analytische  Chemie. 
C,  N,  „      Chemical  News. 

Other  book-reference*  are  given  in  full. 


EBEATA  AND  ADDENDA. 

« 

Page  25.     Line  15  from  top,  read  760  m.m.  in  place  of  076  m.m. 

Page  139.     Line  3  from  bottom,  read  "  nitrates  "  in  place  of  "  hydrates." 

Page  149.      Line  3  from   bottom,  omit  the  words  "arsenic  obtained  as 
sulphide/'  and  substitute  "  arsenical  material." 
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QBNBBAL    PBINCIPLB8. 


j5  L  Quantitative  analysis  hy  weiglit,  or  gravimetric  analysis, 
consists  in  separating  out  the  constituents  of  any  conii)oun(l,  either 
in  a  pure  state  or  in  th(;  form  of  some  new  su])stance  of  known 
composition,  and  accurately  weigliing  tlie  i)ro(hictfl.  Such  oiK3ni- 
tions  are  frequently  very  (^omplicateil,  and  (w.cupy  a  long  time, 
besides  rec^uiring  in  many  cases  (jlaborate  ajiparatus,  and  tin;  exercise 
of  much  care  and  exp(?rimentd  knowledge.  Volumetric  processes 
on  the  other  hand,  are,  as  a  rule,  cjuickly  performed ;  in  most  cases 
are  susceptibhi  of  extreme  accumcy,  and  need  much  simpler 
apparatus.  The  leading  principle  of  the  method  consists  in  sub- 
mitting the  substance  to  be  estimatcnl  to  (certain  clmracteristic 
reactions,  enqdoying  for  such  reactions  solutions  of  known 
strength,  and  from  the  volume  of  solution  nec^essary  for  the  pro- 
duction of  su<'h  redaction,  ilet^^rmining  th(;  weight  of  tlie  substance 
to  be  estimated  by  aitl  of  the  known  laws  of  chemical  eipiivalence. 

Volumetric  analysis,  <jr  (juantitative  chemical  analysis  by  measure, 
in  the  case  of  liquids  and  solids,  consequently  depends  upon  the 
following  conditions  for  its  successful  practice  : — 

1.  A  solution  of  the  reagent  or  test,  the  chemical  power  of 
which  is  accurately  known,  called  the  "  standard  solution." 

2.  A  graduated  vessel  from  whicli  lujrtions  of  it  may  be 
accurately  delivered,  called  the  "  burette." 

3.  The  decomposition  pHnluced  by  the  test  solution  with  any 
given  substance  must  either  in  itself  or  by  an  indi(;ator  be  sucli, 
tliat  ifK  tenidnation  tV  tinmiHtahahle  to  the  oye^  and  thereby  the 
(quantity  of  the  substance  with  which  it  has  combined  accurately 
calcidated. 
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Suppose,  for  instance,  tliat  it  is  desirable  to  know  the  quantity  of 
pure  silver  contained  in  a  shilling.  The  coin  is  first  dissolved  in 
nitric  acid,  by  which  means  a  bluish  solution,  containing  silver, 
copper,  and  probably  other  metals,  is  obtained.  It  is  a  known  fact 
that  chlorine  combines  with  silver  in  tlie  presence  of  other  metals 
to  form  silver  chloride,  which  is  insoluble  in  nitric  acid.  The  pro- 
portions in  which  the  combination  takes  place  are  35 '37  of  chlorine 
to  every  107*66  of  silver;  consequently,  if  a  standard  solution  of 
pure  sodic  chloride  is  prepared  by  dissolving  in  water  such  a  weight 
of  the  salt  as  will  be  equivalent  to  35*37  grains  of  chlorine  (  =  58*37 
grains  XaCl)  and  diluting  to  the  measure  of  1000  grains ;  every 
single  grain  measure  of  this  solution  will  combine  with  0*10766  grain 
of  pure  silver  to  form  silver  chloride,  which  is  precipitated  to  the 
bottom  of  the  vessel  in  which  the  mixture  is  made.  In  the  process 
of  adding  the  salt  solution  to  the  silver,  drop  by  drop,  a  point  is  at 
last  reached  when  the  precipitate  ceases  to  form.  Here  the  process 
must  stop.  On  looking  carefully  at  the  graduated  vessel  from 
which  the  standard  solution  has  been  used,  the  operator  sees  at 
once  the  number  of  grain  measures  which  has  been  necessary  to 
produce  the  complete  decomposition.  For  example,  suppose  the 
quantity  used  was  520  grain  measures ;  all  that  is  necessary  to  l)c 
done  is  to  multiply  520  by  the  coefficient  for  each  grain  measure, 
viz.  0*10766,  which  shows  the  amount  of  pu^e  silver  present  to  be 
55*98  grains. 

This  method  of  determining  the  (]uantity  of  silver  in  any  given 
solution  occupies  scarcely  a  quarter  of  an  hour,  whereas  the  estimation 
by  weighing  could  not  he  done  in  half  a  day,  and  even  then  not  so 
accurately  as  by  the  volumetric  method.  It  must  be  understood 
that  there  are  certain  necessary  precautions  in  conducting  the  above 
process  which  have  not  been  described;  those  will  be  foimd  in  their 
proper  place;  but  from  this  example  it  will  at  once  be  seen  that  the 
saving  of  time  and  trouble,  as  compared  with  the  older  methods  of 
analysis,  is  immense ;  besides  which,  in  the  majority  of  instances 
in  which  it  can  be  applied,  it  is  eijually  accurate,  and  in  many  cases 
much  more  so. 

The  only  conditions  on  which  the  volumetric  system  of  analysis 
are  to  be  carried  on  successfully  are,  that  great  care  is  taken  with 
respect  to  the  graduation  of  the  measuring  instruments,  and  their 
agreement  with  each  other,  the  strength  and  i)urity  of  the  standard 
solutions,  and  the  absence  of  other  matters  which  would  interfere 
with  the  accurate  estimation  of  the  particular  substance  sought. 

The  fundamental  distinction  between  gravimetric  and  volumetric 
analysis  is,  that  in  the  former  method,  the  substance  to  be 
estimated  must  be  completely  isolated  in  the  purest  possible  stiite 
or  combination,  necessitating  in  many  instances  very  patient  and 
discriminating  labour ;  whereas,  in  volumetric  processes,  such  com- 
plete separation  is  very  seldom  required,  the  processes  being  so 
contrived  as  to  admit  of  the  presence  of  half  a  dozen  or  more 
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other  substiinces  which  have  no  effect  upon  the  particular  chemical 
reaction  ixHiuired. 

The  process  just  described  for  instance,  the  estimation  of  silver 
in  coin,  is  a  case  in  iK)int.  The  alloy  consists  of  silver  and  copper, 
with  small  pi*oj)ortions  of  lead,  antimony,  tin,  gold,  etc.  None  of 
these  things  affect  the  amount  of  salt  solution  which  is  chemically 
recpiired  to  precipitate  the  silver,  whereas,  if  the  metal  had  to  be 
detennined  by  weight  it  would  be  necessary  to  iirst  filter  the  nitric 
acid  solution  to  free  it  from  insoluble  tin,  gold,  etc.  ;  then 
precipitate  with  a  slight  excess  of  sodic  chloride;  then  t<^^»  bring  the 
precipitate  uj)on  a  filter,  and  wash  repeatedly  with  pure  water  until 
every  trace  of  copper,  sodic  chloride,  etc.,  is  removed.  The  pure 
.silver  cliloride  is  then  carefully  dried,  ignited  separately  from  the 
filter,  and  weighed  ;  the  filter  burnt,  residue  as  reduced  metallic 
silver  and  filter  ash  allowed  for,  and  thus  finally  the  amount  of 
silver  is  found  by  the  balance  with  ordinary  weights. 

On  the  other  hand  the  volumetric  process  has  been  purely 
chemical,  the  burette  or  measuring  instrument  has  taken  the  place 
of  the  balance,  and  theoretical  or  atomic  weights  have  supplanted 
or<linary  weights. 

The  end  of  the  operation  in  this  method  of  analysis  is  in  all 
cases  made  apparent  to  tlie  eye.  In  alkalimetry  it  is  the  change 
of  colour  i)rodu(ied  in  litmus,  turmerii,*,  or  other  sensitive  colouring 
matter.  The  formation  of  a  permanent  precipitate,  as  in  the 
estimation  of  cyanogen.  A  precipitate  ceasing  to  form,  as  in 
chlorine  and  silver  (letcrmination.  The  .appearance  of  a  distinct 
colour,  as  in  iron  analysis  by  i)ermanganate  solution,  and  so  on. 

I  have  adopted  tlio  (•hissifi<ation  of  methods  used  by  Mohr  and 
t»ther8,  namely : 

1.  "Where  th(5  determination  of  the  substance  is  efiiMted  by 
saturation  with  another  substance  of  oi)posit<i  properties  -generally 
iniderstood  to  inchnle  acids  and  alkalies,  or  alkaline  cartlis. 

2.  Where  the  d(?termination  of  a  substance  is  ctrccted  by  a 
reducing  or  <»xi(lizing  agent  of  known  power,  including  most 
metids,  with  their  oxides  and  salts ;  the  i)rincipal  oxidizing  agents 
being  potassic  p(?rmanganate,  pot^issic  Inchromate,  and  iodine  ;  and 
the  corresponding  reducing  agents,  ferrous  and  stannous  compounds, 
and  sodic  tliiosulj)hate. 

3.  Where  the  dct^'miination  of  a  substance  is  eft'ected  by 
precipitating  it  in  some  insoluble  and  definite  com])ination,  an 
exami>l(i  of  which  occurs  in  the  estimation  of  silver  describe*! 
above. 

This  classification  (l(»es  not  rigidly  include  all  the  volumetric 
processes  that  may  be  used,  but  it  divides  them  into  (;onvenient 
sections  for  describing  the  i>eculiarity  of  the  reagents  used,  and 
their  preparation.  If  strictly  followed  out,  it  would  in  some  cases 
necessitite  the  registration  of  the  body  to  be  estimated  under  two 
or  three  heads.     Copper,  for  instance,  can  be  determined  residually 
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by  potassic  permanganate ;  it  can  also  be  determined  by  precipitation  • 
with  sodic  sulphide.     The  estimation  of  the  same  metal  by  potassic 
cyanide,  on  the  other  hand,  would  not  come  under  any  of  the 
heads. 

It  will  be  found,  therefore,  that  liberties  have  been  taken  with 
the  arrangement ;  and  for  convenient  reference  all  analytical  pro- 
cesses applicable  to  a  given  body  are  included  under  its  name. 

It  may  be  a  matter  of  surprise  to  some  that  several  distinct 
volumetric  methods  for  one  and  the  same  substance  are  given; 
but  a  little  consideration  will  show  that  in  many  instances  greater 
convenience,  and  also  accuracy,  may  be  gained  in  this  way.  The 
operator  may  not  have  one  particidar  reagent  at  command,  or  he 
may  have  to  deal  with  such  a  mixture  of  substance  as  to  preclude 
the  use  of  some  one  method;  whereas  another  may  be  quite 
free  from  such  objection.  The  choice  in  such  cases  of  course 
requires  judgment,  and  it  is  of  the  greatest  importance  that  the 
operator  shall  be  aci|uainted  with  the  qualitative  composition  of  the 
matters  with  which  he  is  dealing,  and  that  he  should  ask  himself 
at  every  step  why  such  and  such  a  thing  is  done. 

It  will  be  apparent  from  the  foregoing  description  of  the 
volumetric  system,  that  it  may  be  successfully  used  in  many 
instances  by  those  who  have  never  been  thoroughly  trained  as 
analytical  chemists;  but  we  can  never  look  for  the  scientific 
development  of  the  system  in  such  hands  as  these. 

In  the  preparation  of  this  work  an  endeavour  has  been  made  to 
describe  all  the  operations  and  chemical  reactions  as  simply  as 
possible,  purposely  avoiding  abstruse  mathematical  expressions, 
which,  though  they  may  be  more  consonant  with  the  modern  study 
of  chemical  science,  are  hardly  adapted  to  the  technical  operator. 
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THE   INSTKUMENTS  AXD   APPARATUS. 

mm    BALANCE* 

§  2.  Strictly  speaking,  it  is  necessary  to  have  two  Lalancea  in 
order  to  carry  out  the  volumetric  system  completely  ;  one  to  carry 
about  a  kilogram  in  each  pan,  and  turn  when  loaded  with 
about  live  ^milligrams.  This  instniment  is  used  for  gra<luating 
riasks,  or  for  testing  them,  and  for  weighing  large  amounts  of  pure 
reagents  for  standard  solutions.  The  second  balance  should  be 
light  and  delicate,  and  to  carry  about  fifty  grams,  and  turn  easily 
and  quickly  when  loaded  with  one  or  two-tenths  of  a  milligram. 
This  instrument  serves  for  weighing  small  (juantities  of  substiinces 
to  be  tested,  many  of  which  are  hygro8<;opic,  and  need  to  be 
weighed  quickly  and  with  great  accuracy ;  it  also  serves  for  testing 
the  accuracy  of  j)ipettes  and  burettes. 

For  all  technical  j)urposes,  however,  a  moderate-sized  balance 
of  medium  delicacy  is  quite  sufficient,  esj)ecially  if  rather  large 
quantities  of  substances  are  weighed  and  bnmght  into  solution — 
then  further  subdivided  by  means  of  measuring  flasks  and  pipettes. 

The  operator  also  re<iuire8,  Iwsides  the  balance  and  the  graduated 
instruments  a  few  beakers,  i)orcelain  basins,  flasks,  funnels,  stirring 
rods,  etc.,  as  in  gravimetric  analysis ;  above  all  he  must  be 
])nictically  familiar  with  pr()])er  metho<ls  of  filtration,  washing  of 
precipitates,  and  the  application  of  heat. 

VOLUMETRIC    ANALYSIS   WITHOUT    WEIGHTS. 

j^  3.  This  is  more  a  matter  of  curiosity  than  of  value  ;  but, 
nevertheless,  one  can  imagine  circumstances  in  which  it  might  be 
useful.  In  carrying  it  out,  it  is  necessary  only  to  have  (1)  a 
correct  balance,  (2)  a  i)ure  sj)ecimen  of  substance  to  use  as  a  weight, 
(3)  an  accurate*  burette  filled  with  the  ajqjropriate  solution.  It  is 
not  necessary  that  the  strength  of  this  should  be  known  ;  but  the 
i^tate  of  concentration  should  be  such  as  U)  permit  the  necessary 
reaction  to  occur  under  the  most  favourable  circumstances. 

If  a  |>erfectly  i)ure  specimen  of  substance,  siiy  calcic  carbonate, 
be  j)ut  into  one  scale  of  the  balance,  and  be  counterpoised  with  an 
impure  specimen  of  the  same  substance,  and  both  titrated  with  the 
same  acid,  and  the  numl>er  of  c.c.  used  for  the  pure  substance  be 
called  100,  the  number  of  c.c.  used  for  the  impure  substance;  will 
corres])ond  to  the  i)ercentage  of  pure  calcic  carbonate  in  the  specimen 
examined. 

The  application  of  the  process  is,  of  course,  limited,  to  the  use  of 
such  substances  as  are  to  be  had  jmre,  and  whose  weight  is  not 
variable  by  exposure;  but  where  even  a  pure  sulwtance  of  one  kind 
cannot  be  had  as  a  weight,  one  of  another  kind  may  be  used  as  a 
substitute,  and  the  required  result  obtained  by  calculation.     For 
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instiince,  it  is  required  to  ascertain  the  purity  of  a  specimen  of  sodie 
carbonate,  and  only  pure  calcic  carbonate  is  at  hand  to  use  as  a 
weight:  ecpial  weights  of  the  two  arc  tiiken,  and  the  impure 
specimen  titrated  with  acid.  To  arrive  at  th(»  required  answer,  it 
is  necessary  to  find  a  coefficient  or  factor  by  which  to  convert  the 
number  of  c.c.  required  by  the  sodic  carbonate,  weighed  on  the 
calcic,  into  that  which  sliould  be  required  if  weighed  on  the  sodic, 
basis.  A  consideration  of  the  relative  molecular  weights  of  the 
two  bodies  will  give  the  factor  thus — 

Calcic  carbonate  100     /n.q  ^ « . 
Sodic  carbonate  106  ~ 

If,  therefore,  the  c.c.  used  are  multiplied  by  this  number,  the 
percentage  of  pure  sodic  carbonate  will  be  obtained.  The  method 
may  bo  extended  to  a  number  of  substances,  on  this  princijile,  with 
the  exei*cise  of  a  little  ingenuity. 

L.  de  Koningh  has  communicated  to  me  a  similar  method 
devised  bv  himself  and  Peacock,  in  which  the  same  end  is 
attained  without  the  aid  of  a  pure  substance  as  standard,  thus  : 
Say  a  specimen  of  impure  common  salt  is  to  be  examined,  a 
moderate  portion  is  put  on  the  balance  and  counterpoised  with 
silver  nitrate;  the  latter  is  then  dissolved  up  to  100  c.c.  an<l  placed 
in  a  burette.  The  salt  is  dissolved  in  water,  a  few  drops  of 
chromate  added  and  titrated  with  the  silver  solution,  of  which 
10  c.c.  is  required;  the  salt  is  therefore  equal  t(^  10  per  cent, 
of  its  weight  of  silver  nitrate,  then — 

16-96  :  58-37  :  :  10  =  3-44  %  NaCl 

Or,  in  the  case  of  an  impure  soda  ash,  an  equal  weight  of  oxalic 
acid  is  taken  and  made  up  to  100  c.c.  ;  the  soda  requires,  say, 
50  C.C.  for  saturation,  or  50  per  cent.,  then — 

126  :  106  :  :  50  -  42  %  ISVCO' 

It  may  happen  that,  in  some  cases,  more  than  one  j^ortion  of  the 
reagent  is  required  to  decompose  the  substance  tested,  and  to 
provide  against  this  two  or  more  lots  should  be  weighed  in  the 
first  instance. 

YOLUUBTBIO    ANALYSIS    WITHOUT    BUBETTES    OB 
OTHEB    QBADUATED    INSTBUMENTS. 

§  4.  This  operation  consists  in  weighing  the  standard  solutions 
on  the  balance  instead  of  measuring  them.  The  influence  of 
variation  in  temperature  is,  of  course,  here  of  no  conse(|uence.  The 
chief  requisite  is  a  delicat<j  flask,  fitted  with  a  tube  and  blowing 
ball,  as  in  the  burette  fig.  7,  or  an  instrument  known  as 
Schuster's  alkalimeter  may  be  used.  A  special  burette  has  been 
devised  for  this  purpose  by  Oasamajor  {C.  N,  xxxv.  98).     The 
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method  ie  capable  of  very  aceurntc  reaiiltw,  if  irare  bo  taken  in 
preparing  the  etaixlanl  snhitiotis  and  avoiding  nny  Iciss  in  [louriii); 
the  liquid  from  the  vessel  in  which  it  is  weigheil.  It  oecuiiii'si 
laucli  ninru  time  thiiii  the  usual  processes  of  volumetric  aniilysis, 
but  at  great  extromepi  of  temix^rature  it  i^  far  more  ncctimte. 

THE    BUBBTTB. 

S  5.  Them  inntriniient  is  used  for  the  delivery  of  an  accurately 
measured  quantity  of  any  particular  standaiit  solution.  It  invari- 
ably conKists  of  a  long  fjlnsii  tulie  of  even  l>ore,  throughout  the 


YiK.  1. 
tcngtii  of   which  are  engraved,   by  means  of   hydrofl 
certain  divisions  corresjtonding  to  a  known  volume  of  fluid. 
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It  may  be  obtained  in  a  great  many  forms,  under  the  names  of  their 
respective  inventors,  such  as  Mohr,  Gay  Lussac,  Binks,  etc., 
but  OS  some  of  these  possess  a  decided  superiority  over  others,  it  is 
not  quite  a  matter  of  indifference  which  is  used,  and  therefore  a 
slight  description  of  tlicm  may  not  be  out  of  place  )icre.  The 
burette,  with  india-rublwr  tube  and  clip,  contrived  by  Mohr,  is 
shown  in  figs.  1  and  2,  and  with  stop-cock  in  iig.  3.  Ttiia  latter 
form  of  iustrtiment  is  now  made  nnd  sold  at  such  a  moderate  price 
that  it  lias  largely  dispkced  the  original. 


The  advantages  po-isessed  by  ilohr'a  burette  are,  that  its  fixed 
upright  position  enables  the  operator  at  once  to  read  off  the  volume 
of  solution  used  for  any  analysis.  The  quantity  of  flwid  to  bo 
delivered  can  be  regulated  to  the  greatest  nicety  ;  nnd  the  instru- 
ment not  being  held  in  the  hand,  there  is  no  chance  of  increasing 
the  bulk  of  the  fluid  by  the  heat  of  the  body,  and  tlms  leading  to 
incorrect  measurement,  as  is  the  case  with  Binks' or  Gay  Lussac's 
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burette.  Tho  princi|>al  Jisatlvuntage,  however,  of  theao  two  latter 
fomis  is,  that  it  corrott  reading  ciin  only  ho  ohtained  bj'  |>Irtfiiif! 
them  in  an  upright  ]wsition,  iiikI  allowing  the  flui<l  it*  6wl  ita  {wrfect 
level.  The  ]>refereiice  should,  Uierefora,  unhesitatingly  hi  given 
ti>  Mohr'a  burette.  The  tap  burette  may  be  hboI  not  only  for 
Bohitiona  nfTected  by  the  rubber  tul»e,  hut  for  all  other  fM)hitions, 
iind  niay  also  lie  arranged  so  ax  to  deliver  the  liquid  in  droj>s, 
leaving  both    the    haud«   of    the    o|>crat«r  disengaged.      A    new 


arrangement  is  sliDwn  in  tig,  4,  tlie  tap  iK'ing  plaecd  i)blitiuely 
thruugli  the  spit,  Rii  aH  to  avoid  its  dropinug  out  of  place ;  tlw. 
Hoats  shown  are  very  small  thermnmcters.  Owing  to  the  uetion  of 
caustie  alkalies  upiai  glaas,  tiip  burettes  lio  not  answirr  well  for 
strong  solutions  of  ]H>ta«h  or  so<hi,  unless  eniptieil  and  ivi»hed 
immediately  after  use.  Two  convenient  forms  of  stand  fiir  Mohr's 
burettes  are  shown  in  figs.  5  and  C;  in  the  latter,  the  arms  carrying 


10 


VOLUMETRIC   ANALYSIS. 


§    5. 


the  burettes  revolve.  A  very  good  modification  of  this  burette,  as 
usually  made,  is  to  have  the  top  fuunel-shaped,  which  not  only 
admits  of  easier  filling,  but  the  burette  may  be  slung  in  a  stand  by 
the  funnel  without  other  support,  so  as  to  be  tilted  from  the 
vertical  when  titrating  hot  solutions.  When  not  in  use  the  dust 
may  be  kept  out  by  a  greased  glass  plate. 

Special  care  should  always  be  taken  with  Mohr's  form  of 
burette  to  fill  the  delivery  point  of  the  instrument  and  the 
intervening  rubber  tube  with  the  liquid,  before  commencing  a 
titration.  This  is  easily  done  by  filling  the  burette  well  above  the 
0  mark,  then  rapidly  opening  the  clip  wide  to  expel  the  air 
bubbles — when  this  is  done  the  excess  of  liquid  may  be  quietly 
run  out  to  the  mark.  In  the  tap  burette  the  air  space  is  smaller 
than  with  the  rubber  tube,  but  the  same  method  should  be 
invariably  adopted. 

We  are  indebted  to  Mohr  for  another  form  of  instrument  to 
avoid  the  contact  of  permangjuiate  and  india-rubber,  viz.,  the  foot 
burette,  with  elastic  ball,  shown  in  fig.  7. 

The  flow  of  liqiud  from  the 
^  exit  tube  can  be  regulated  to 
a  great  nicety  by  pressure 
upon  the  ball,  which  should 
be  large,  and  have  two  open- 
ings,— one  cemented  to  the 
tube  with  marine  glue,  and 
the  other  at  the  side,  over 
Avhich  the  thumb  is  placed 
when  pressed,  and  on  the 
removal  of  which  it  refills 
itself  with  air. 

(ray  Lus  sac's  burette, 
supported  in  a  wooden  foot, 
may  be  used  instead  of  the 
above  form,  by  inserting  a 
good  fitting  cork  into  the 
open  end,  through  which  a 
small  tube  bent  at  right 
angles  is  passed.  If  the 
burette  is  held  in  the  right 
hand,  slightly  inclined  to- 
wards the  beaker  or  flask 
into  Avhich  the  fluid  is  to  be 
measured,  and  the  mouth 
applied  to  the  tube,  any 
portion  of  the  solution  may 
be  emptied  out  by  the  pressure 
of  the  breath,  and  the  disadvantage  of  holding  the  instrument  in 
a  horizontal  position,  to  the  great  danger  of  spilling  the  contents, 
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in  nvoidod  ;  nt  tlio  saiiio  timo  the  bonkcr  oi'  llnak  can  be  ticlil 
ill  the  left  linml  find  Rlinkon  ao  np  to  mix  tlio  fluiils,  niiJ  by 
this  mciins  the  end  of  the  i>]M?rfltioii  lie  iiioro  aiitimitclv  detenniiieil 
(SCO  fig.  8). 

There  is  nn  mTan(rcmcnt  of  Molir's  hurctte  wliiidi  in  extremely 
Bcrviceiihip,  when  it  series  of  titmtions  of  the  snine  (.diiiracter  hnvc 
to  lie  nmde,  such  as  in  nIkiJi  w<»rks,  nnwiy  offices,  i^tu.  It  eoiisist* 
ill  liaving  n  "f  jiiece  of  glass  tube  inserteil  betwet-ii  tlio  l"iver 
end   of    tliy   burette    and    the   spring   clip,  connnuiiicnting  with 


Fi({.  10. 

n  resen-nir  of  tlio  stanilard  solution,  placed  iibovi-  so  thnt  tlie 
burette  iiiiiy  Iw  filled  by  a  syphon,  ii»  often  as  eni|>ticd,  and  in  s'> 
gradual  a  inauner  that  no  uir  bubbles  occur,  as  in  the  cn»e  of  filling 
it  with  II  funnel,  or  jwuring  in  liquid  from  n  liottlu  :  lieside  which, 
this  jilaTi  prevents  evaiwration  or  dust  in  thi;  standard  wihitioii 
either  in  the  biirette  or  reservoir. 

Figs.  9  and  1 1  show  this  nmingement  in  detail.     Connections 
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of  tliia  kiinl  may  now  be  had  with  glass  stojMJocks,  either  of  the 
simple  form  or  tlie  patent  two-way  cock,  made  by  Greiner  and 
Fried richs,  and  snpjihed  by  most  appamtus  dealers  (fig.  10). 

It  sometimes  happens  that  a  solution  ropiires  titration  at  a  hot  or 
even  boJHng  tcmijierattire,  such  as  the  estimation  of  sugar  by  copper 


Fig.  la. 


solution:  here  the  ordinary  arrangement  of  Mohr's  burette  will 
not  be  available,  since  the  steam  rising  from  the  liquid  bents  the 
burette  and  altera  the  volume  of  fluid.  This  may  be  avoided  either 
by  using  a  special  burette,  in  which  the  lower  end  is  extended  at  a 
right  angle  with  a  stop-cock,  or  by  attaching  to  an  ortliuary  burette 
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a  much  longer  jiieco  of  iiidin-nihl>er  titlx',  so  that  the  Imrcttvr 
staniU  at  tiie  elilu  of  tliu  cn|>sii]e  ur  benkcr  beiii^j  liiintoil,  ninl  the 
elastic  tube  in  brought  over  ittt  ot^  ;  the  jitucli-cm-k  in  lixeil 
midway  ;  uo  heat  cuii  then  reach  the  iKxly  of  fluid  in  the  burette, 
siu(«  tliero  can  be  no  coiiiluctiou  jmst  the  (>iiii'Ji-cock,  or  a  burette 
with  funnel  neck  ile8crib«rtl  on  p.  10  may  be  iineil. 

(iay  Luasac'H  burette  w  shown  in  tip<.  8  and  12.  By  vw'in^  it 
in  the  folloiviu)!;  manner,  its  natural  Oisml vantages  may  be  ovfrcome 
to  a  great  extent.  Having  fi^cctl  the  burette  into  tlie  foot  ficctirely, 
aiul  filled  it,  take  it  ii]i  by  the  foot,  and  Testing  the  u])])^  etui  n|i4m 
the  ndge  of  the  beaker  containing  the  aolution  to  lie  titrated,  drop 
the  test  tliii<l  from  tlic  bnrettc,  meanwhile  stirring  the  ront(.-iiti< 
of  the  beaker  with  a  gloss  roil ;  by  a  slight  eh'vntion  or  dciirossion, 
the  flow  of  test  liijuid  is  regulated  until  the  end  of  the  operation  is 
secun-d,  thus  avoiding  the  annoynni-ofi  wliich  arise  from  altenintcly 
l>lacing  tlie  instnnnent  in  an  upright  and  hori^^ontal  |iositi<>n. 


Itinks'  burette  ia  well  known,  and  need  m.t  Im-  dcwribcd ;  it 
is  the  least  recommendable  of  all  forms,  except  for  very  rough 
estimations. 

It  ia  convenient  tii  have  burettes  graduateil  U}  contain  from 
30  to  50  C.C.  in  J„  e.c,  and  100  or  110  c.c.  in  J  or  i  c.c. 

The  pincli-cocK  generally  used  in  Mohr's  burette  is  shown  in 
fig,  1.  These  are  made  of  brass  and  are  now  generally  nickel-plated 
to  prevent  corrosion  ;  another  form  is  made  of  one  piece  of  sti'cl 
wire,  as  devised  by  Hart;  the  wire  is  softened  by  hcAting  and 
coiled  round,  as  shown  in  fig.  13.  "Wlien  the  projier  shajte  has 
l>een  attained,  the  clip  ia  hardened  and  tem|»red  so  as  to  convert  it 
into  a  spring. 
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Another  pinch-cock  is  shown  in  tig.  13.  It  may  be  made  of 
liard  wood,  liorn,  or  preferably,  of  flat  glass  rod.  The  levers 
should  be  long.  A  small  piece  of  cork,  of  the  same  thickness 
as  the  elastic  tube  of  the  burette  when  pressed  close,  should  be 
fastened  at  the  angles  of  the  levers  as  shown  in  the  engraving. 


50i;c 


10  cc 


i 


.1 

1. 


>>     I 


.'l   ' . 


■I     'h-J 


Pi  if.  U, 


T\^.  ]5. 


The  use  of  any  kind  of  pinch-cock  may  be  avoided,  and  a  very 
ielicate  action  obtained,  by  simply  inserting  a  not  too  tightly  fitting 
piece  of  solid  glass  rod  into  the  eli\stic  tube,  between  the  end  of  the 
burette  and  the  spit ;  a  firm  squeeze  being  given  by  the  finger  and 
thumb  to  the  elastic  tube  surroimding  the  rod,  a  small  canal  is 
opened,  and  thus  the  licpiid  esca]>es,  and  of  course  can  be  controlled 
by  the  operator  at  wull  (see  fig.  14). 


§  6. 
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THB    PIPETTE. 

§  6.  The  pii)ett<is  use»l  in  volumetric  work  are  of  two  kinds, 
viz.,  those  which  deliver  one  certi\in  ([uantity  only,  and  those  which 
are  graduated  on  the  stem,  so  as  to  deliver  vjirions  quantities  at  the 
discretion  of  the  analyst.  In  the  former  kind,  or  whole  pipette, 
the  graduation  should  he  that  in  which  the  fluid  runs  out  by  its 
own  weight,  but  the  last  few  drops  (Mnj>ty  themselves  slowly ; 
if,  however,  the  lower  end  of  the  pipette  be  touched  against  the 
moistened  edge  of  the  beaker  or  the  surface  of  the  fluid  into 
which  it  is  emi»tied,  the  flow  is  hastened  considerably,  and  in 
graduating  the  pipette,  it  is  preferable  to  adopt  this  plan. 

In  both  the  whole  and  graduaUnl  pii)ettes,  the  upi>er  end  is 
narrowed  to  about  ^  inch,  so  that  the  pressure  of  the  finger  is 
sufficient  to  arrest  the  flow  at  any  point. 

Pipettes  are  invariably  fllled  by  sucking  the  upper  end  with  the 
mouth,  unless  the  li{[uid  is  volatile  or  highly  i)oisonous,  in  which 
case  it  is  best  to  use  some  other  kind  of  measurement.  Beginners 
invariably  find  a  difficulty  in  quickly  filling  the  pipette 
above  the  mark,  and  stopping  the  fluid  at  the  exact 
point.     IVactice  with  i)ure  wati'r  is  the  only  metho<l  of 


n 


overcoming  this. 


Fig.  15  shows  two  whole  pipt'ttes,  one  of  small  and  the 
other  of  large  capacity,  and  also  a  graduated  pipette  of 
medium  size.  It  must  be  borne  in  mind  that  the  pipette 
gniduatcd  throughout  the  stem  is  not  a  reliable  in- 
strument for  accurate  titration,  owing  to  the  difliculty  of 
fito[)ping  the  flow  of  liquid  at  any  given  point,  and 
reading  off  the  exact  measurement.  Its  chief  use  is  in 
the  approximate  estimation  of  the  stn'iigth  of  any 
standard  solution  in  the  course  of  jirepamtion. 

Fig.  16  shows  a  very  useful  form  of  pipette  for 
measuring  strong  acids  or  .ilkalies,  etc.,  the  bulb  prevent- 
ing the  entrance  of  any  licpiid  into  the  mouth. 


a 
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THE    MEASUBINO    FLASKS. 

§  7.  These  indispensable?  instruments  are  made  of  various 
capacities ;  they  s(?rve  to  mix  up  sUuidard  solutions  to  a  given 
volume,  and  also  for  the  subdivision  of  the  substance?  to  be 
tested  by  means  of  the  ]>ipettes.  They  should  be  as  narrow 
in  the  neck  as  is  compatible  with  pouring  in  and  out,  and  the? 
graduation  line  should  fall  just  below  the  middle  of  the  neck, 
so  to  allow  room  for  shaking  iq)  the  fluid.  Convenient  sizes 
are  100,  200,  250,  300,  500,  and  1000  c.c,  all  graduated  to 
confain  the  respective  quantities.  If  re<[uired  to  delirer  these 
volumes  they  must  have  a  second  higher  mark  in  the  neck, 
obtained   by  weighing   into   the  wetted  and  <1  rained    flasks   the 
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respccli\'fi  number  of  grams  of  distiUed  wntor  at  16°  C.     A  liter 
flask  is  shown  in  fig.  17. 


¥\ff.  18. 


^\^  11.  Ciles  lm.>=  (le9cribr<l  a  mo.Iifie<l  fl.isk  (C.  A'  Ixix.  99) 
sliown  ill  fig.  18.  It  is  handy  in  making  uji  st.indarJ  solutions 
whore  the  reagent  cannot  be  wciglied  in  an  absohitely  pure  state, 
for  instance,  snlphuric  acid,  aminonic  tbiocyanate,  or  iiranic  salts. 
8ucb  a  (quantity,  however,  is  taken  os  will  give  a  solution  about 
a  nintbor  tenth  too  strong,  and  the  measure  is  nimle  up  to  1100  cc 
The  real  strength  is  then  taken  by  two  titrations  on  25  or  30  cc. 
with  a  knoivn  standard,  so  tbat  its  exact  working  strength  is 
known  ;  the  remainder  of  the  100  cc.  is  then  removed  down  to  the 
1000  cc.  mark,  and  a  slight  calculation  will  show  how  much  water 
has  to  be  added  to  the  1000  cc  to  make  a  correct  solution.  I£ 
only  a  liter  is  mode  up,  an  unknown  volume  is  loft  in  the  tinsk, 
and  it  must  be  transferred  to  a  measuring  cylinder,  where,  owing 
to  the  large  diameter  of  the  vessel,  the  graduation  can  never  l>e  so 
accurate  as  in  tlie  narro\v  neck  of  tlie  flask.  Sliould  the  solution 
jirove  to  be  only  about  a  tenth  too  strong,  the  necessary  dilution, 
may  be  ma<lo  in  the  flask  itself;  but  if  stronger  than  this,  the 
flnsk  must  bo  emptied  into  the  store  bottle  and  rinsed  out  with  the 
measured  quantity  of  water  required,  which  is  then  drained  into 
the  store  bottle,  and  the  wliole  carefully  mixed. 


§  8. 


INSTRUMENTS. 


17 


BcaideM  the  nienHuring  fliutks 
it  in  iicccsanry  to  Jinvcgnuliinttid 
vesHels  of  cyliiiilrital  fiinji, 
for  tlie  imriKMM;  of  iirt'iwring 
xUmiltittl  suliitioiis,  cU'. 

Fig.  19  hIiou-h  ii  stiiiijiered 
ryliiidcr  fiir  thit  intrp<mc, 
K>'nerftlly  cuIIe'I  ii  teat  mixer. 
\Vi.lp-nioiitbc<l  <.]H.ri  cyliiuItrH, 
with  sjioiito,  atv.  iiliiii  tiwi]  of 
vui'iouft  sizua  and  graihiiitt-il 
likuli''.  19. 


ON    TKB    COKSKCT 

BEASIira  OF  ORASTTATIED 

INBTBUMBNTS. 


illwn' 


c<l,  I 


'   tlllx'x 


about  an  eighth  of  i 


|lll-|l(.-Ll 

iif  til"  ciiiiilliiry  altmctioii 
.■xertt'il  hy  the  itiilfs  of  tho 
tiilM',  and  ciinsi'cinciitly  tliere 
is  II  dilKciilty  ill  I'ljtiiiiiiijT  u 
distinct  level  in  t\if  Miiid  U) 
Ui  meiwured.  If,'  huwever, 
iIm!  lowest  ]>oiiit  nf  tlic!  .■iirve 
is  iiiaile  t.1  i-oiinidi-  with  tlie 
^'vad  nation  murk,  n  ['nrrt?(.'t 
liii'[)ijrtionftl  ruiidiiig  is  always 
olitiiined,  lieneu  this  iiu^tliiMl  of 
ri-ailing  is  ttie  most  .^Kitisfai;- 
t,.rr  («■»  %.  20). 

The  eye  may  lie  nssistcil 
iiiutcrially  in  vi.'iuling  the 
ili visions  on  a  fjniiliiatcd 
tiibo  hy  usiiif;  a  \ni'c'<  of 
white  iiaiK-T  <ir  ojnd  giaas 
hi'ld  at  an  angle  of  :iO  or 
+0°  from  till'  Imrctte  and 
near  the  Murfa.'u  of  the 
liigiiid,  or  a  small  uml,  the 
lower  half  of  whi.:h  is 
hlaekciied,  the  ii|>|>er  iu< 
maining  white.  If  the  line 
of  division  Itetweeu  the 
hlaek  and  white  be  held 
below  the   surface  of    the   liquid, 
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and  tho  eye  brought  on  a  level  with  it,  the  meniscus  then  can  h»> 
seen  by  transmitted  light,  bounded  below  by  a  sharply  defined 
black  line.  A  card  of  this  kind,  sliding  uj)  and  down  a  suj)port, 
is  of  great  use  in  verifying  the  graduation  of  the  burettes  or 
pil)ottes  with  a  c^thetometer.  Another  good  method 
is  to  use  a  piece  of  mirror,  upon  which  arc  gummed 
two  strips  of  black  pap(jr,  half  an  inch  apart ;  apply  it 
in  contact  with  the  burette  so  that  the  eve  c^n  be 
reflected  in  the  open  space.  The  operator  may  consult 
with  advantage  the  directions  for  calibration  on  the 
opposite  page,  and  details  of  gi'aduating  and  verifying 
measuring  instnnuents  for  the  analysis  of  gases  as 
described  in  l*art  7.  In  taking  the  readings  of 
burettes,  pipettes,  and  flasks,  the  graduation  mark 
should  coincide  as  nearly  as  possible  with  the  level  of 
the  operator's  eye. 

Erdmann*8  Float. — This  useful  little  instrument 

to  accomi)any  Mohr's  burette,  gives  the  most  accurate 

,,.  ^  reading  that  can  be  obtained ;    one  of   its  fonns  is 

'^*      *      shown  in  fig.  21,  anotlier,  containing  a  thermometer, 

Ois  shown  in  fig.  4.  The  latest  form  is  shown  in  fig.  22, 
'  where  the  ring-mark  is  made  within  the  bulb,  as  indeed 
it  is  best  to  be  in  all  cases.  A  special  form  for  use  with 
dark-coloured  solutions  like  iodine,  permanganate,  S:q..,  is 
to  llave  two  bulbs  with  the  ring-mark  in  tho  upper  bulb, 
and  the  instniment  is  so  weiglited  that  the  upper  bulb 
stands  out  of  the  liquid,  and  of  course  may  then  be  read 
ott'  jis  easily  as  if  the  litjuid  w^re  transparent.  The 
:i  instrument  consists  essentially  of  an  elongated  glass  tube, 
L  i-ather  smaller  in  diameter  than  the  burette  it^self,  and 
FiiT  22.  weighted  at  the  lower  end  with  a  globule  of  mercury. 
The  actual  height  of  the  li(iuid  in  the  burette  is  not 
reganled,  because  if  the  operator  begins  with  the  line  on 
the  float,  opposite  tlie  0  graduation  mark  on  the  ]nirett(", 
the  same  proportional  division  is  always  maintained. 

It  is  essentiil  that  the  float  should  move  up  and  down 
in  the  burette  without  wavering,  and  the  line  upon  it 
should  always  be  parallel  to  the  graduations  of  the 
burette. 

Filter  for  ascertaining  the  end  re-action  in  certain  pro- 
cesses.— This  is  shown  in  fig.  23,  and  the  instrument  is 
known  as  J>e ale's  filter.  It  serv^es  well  for  taking  a  few 
drops  of  clear  sr)lution  from  any  liquid  in  which  a  ])re- 
cipitate  will  not  settle  readily.  To  use  it,  a  piece  of  iiltitv  '^*  *"  * 
paper  is  tied  over  the  lower  end,  and  over  that  a  piece  of  fine  muslin 
to  keep  the  paper  from  being  broken.     AMien  dipped  into  a  muddy 
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mixture,  the  clear  fluid  rises  and  may  he  |X)ured  out  of  the  little 
spout  for  testing.  If  the  jirocess  in  hand  is  nut  completed,  the 
contents  are  waslied  liack  t^)  the  bulk,  and  the  operation  repeated 
as  often  as  may  he  reipiired. 


THE    CAIilBBATION    OF    GBADUATED    APPABATUS. 

§  9.  It  is  ohvi<»U3  that  in  the  practice  of  volumetric  analysis 
the  absolute  correctness  of  the  {graduations  of  the  vessels  used  to 
a  given  standard  is  not  necessary,  so  long  as  they  agree  with  one 
another.  In  the  present  <lay  there  arc  many  mjikers  of  in- 
strumenb*,  some  using  the  liter  of  1000  grams  of  distilled  water 
at  4'  C,  others  at  15-5'  C,  and  again  at  17*5"  C.  Under  these 
circumstances  it  is  conceivable  tluit  operators  may  purchase,  from 
time  to  time,  a  mixture  of  instruments  of  a  heterogeneous 
character.  The  (lerman  Imperial  iStJUidard  Commission  have, 
I  believe,  now  made  it  legal  only  to  use  for  otticial  jmrposes  the 
liter  and  its  divisions,  containing  1000  grams  of  pure  water  at 
4"  C.  (p.  23).  These  instruments  for  use  in  that  country  are  all 
stamped  in  the  same  way  as  commercial  measures  are  stamped  by 
law  in  this  country.  If,  then,  instruments  are  sent  abroad,  they 
will  not  agree  with  the  bulk  of  those  hitherto  used.  On  this 
account,  as  well  as  for  general  ai^curacy,  it  is  necessjiry  to  calibrate 
or  measure  the  divisions  upon  the  various  instruments  by 
actual  experiment,  (tarrietl  on  in  a  room  kept  at  tin*  temperature 
of  16^  C. 

Flasks. — The  short4\st  way  to  gc^t  at  the  true  contents  of  a  liter 
flask,  or  to  correct  it  for  a  given  ti'mj^erature  by  making  a  fresh 
mark,  is  to  weigh  the  contents  by  substitution,  which  is  done  as 
follows  : — 

The  flask  is  cleaned  and  driecl,  ])y  first  rinsing  with  alcolml,  then 
ether,  and  the  latter  blown  c)ut  with  a  bellows  or  driven  oil'  bv 
warming,  when  cool  it  is  ])laced  on  a  sufticiently  large  Jind 
sensitive  balance,  together  wnth  a  kilogram  weight,  side  by  side — 
a  shallow  metil  tray  is  placecl  on  the  other  pan,  and  suflicient  shot 
added  to  exactly  l)alance  the  fljisk  and  weight ;  both  the  latter  are 
then  removed,  leaving  the  shot  on  the  other  ]>an.  The  llask  is 
then  placed  level,  and  distilled  water  at  IG''  C.  poured  in  up  to 
the  mark :  the  mf>isture  in  th<'  neck  is  removed  after  a  few 
minutes  by  filter  paper  and  the  flask  placed  on  the  empty  pan,  if 
the  two  pans  are  in  <M[uilibrium  tlu;  mark  is  corrcnrt,  if  not,  water 
must  1)6  added  or  removed,  with  a  small  pipette,  and  the  mark 
altered.     Smaller  flasks  are  calibmtcd  in  the  same  way. 

To  calibmte  a  flask  for  tltlivetiiuj  an  exact  liter  or  less,  some 
water  is  poured  into  the  empty  flask,  which  is  drained  for  half 
a  minute,  and  weighed  with  its  stop])er ;  it  is  then  flUed  to  the 
neck  with  pure  Avater,  and  ch)sed  by  the  glass  or  rubber  stopper, 
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to  prevent  evaporation,  and  water  acldetl  or  removed  as  before. 
A  nick  is  then  made  with  a  diamond,  or  sharp  file,  opposite  the 
lowest  part  of  the  meniscus,  wliich  may  be  extended  to  a  proper 
mark  after  the  flask  is  emptied.  Such  a  fljisk,  when  correctly 
marked,  will  deliver  the  volume  required  at  the  given  temperature, 
after  the  contents  have  been  poured  out  and  drained  for  half 
a  minute. 

Burettes. — After  firmly  fixing  in  its  stand,  filling  w^ith  pure 
water  at  IG**  C,  and  getting  rid  of  the  air  bubbles  in  the  tap  or 
spit,  the  exact  level  at  the  0  mark  is  made  preferably  with  an 
Erdmann  float;  successive  quantities  of  5  or  10  c.c.  are  then  run 
into  a  small  dry  tared  beaker  and  rapidly  weighed.  If  great 
accuracy  is  required  a  closed  vessel  ought  to  be  employed,  but  this 
necessitates  the  drying  after  each  weighing ;  a  very  small  beaker 
can  be  easily  wiped  dry,  and  rapid  weighings  made  without  any 
sensible  loss  of  accuracy.  If  the  weighings  have  shown  reasonable 
accuracy,  say  within  a  milligram  or  so  for  each  c.c,  it  will  be 
sufficiently  correct ;  if  otherwise,  a  table  must  be  constructed, 
showing  the  correct  contents  at  any  given  ])oint. 

An  excellent  method  of  calibrating  tap  burettes  is  described  by 
Carnegie  (C.  N.  Ixiv.  42),  which  saves  the  labour  involved  in 
the  separate  weighings  just  described,  but  does  not  give  the  weight 
contents.  A  small  column  of  CS-,  saturated  with  water,  and 
tinted  with  iodine,  is  used  to  measure  the  spaces  between  the 
graduation  marks  of  the  instrument.  The  burette  is  connected  by 
rubber  tube  with  a  reservoir  of  water  like  that  used  for  mercury 
in  gas  apparatus,  and  by  the  pressure  of  the  water  in  this  reservoir 
5  c.c.  or  so  of  the  CS-  may  be  moved  from  the  bottom  upwards, 
throughout  the  whole  length  of  the  instrument,  so  as  to  couqu^re 
portions  of  the  scale  throughout.  It  is  essential  that  the  measure- 
ment takes  place  from  the  bottom,  which  is  done  by  allowing 
water  to  flow  in  up  to  the  lower  mark  of  the  burette,  then  gently 
running  in  the  portion  of  CS'*^  from  a  long  fine  pipette ;  when 
settled,  and  the  meniscus  observed,  a  cautious  opening  of  the  tap 
will  allow  of  the  movement  of  the  column,  through  the  various 
divisions,  up  to  the  top. 

Pipettes. — With  the  instrument  made  to  deliver  one  quantity 
only  it  is  generally  sufficient  to  fill  it  by  suction  above  the  mark, 
then  gently  release  the  pressure  of  the  finger,  until  the  exact  mark 
is  reached.  The  contents  are  then  run  into  a  dry  tared  beaker, 
drained  for  half  a  minute  in  contact  with  the  sides  of  the  beaker, 
and  the  beaker  quickly  weighed.  If  not  fairly  correct,  trials  must 
be  made  by  placing  a  thin  strip  of  gummed  paper  on  the  stem, 
and  marking  the  height  of  each  trial  until  the  correct  weight  is 
found,  when  a  permanent  mark  may  be  made. 

Graduated  pipettes  are  best  calibrated  by  filling  them  above  the 
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mark,  fixing  thcin  in  n  Btand  like  a  burettt?,  rioting  tlic  top  with 
&  stout  piocu  of  rubber  tube,  clainpeil  witli  a  strong  clip,  tlicn, 
after  adjusting  tbc  level,  drawiitg  off  in  i|unntitics  uf  5  c.c.  or  im, 
ond  weighingin  the  same  wny  ns  dirccteil  for  burettes. 

Cylinder*.— The  only  nietliod  of  calibrating  those  vessels  is  to 
measure  into  them  re]K!at«dly  various  volumes  of  water,  from 
delivery  jJipcttes  of  jiroved  aet^uracy,  taking  )irccaution8  as  to  level, 
meniscus,  and  the  i>ro|)er  drninagu  of  the  pti>ette  afttr  each 
delivery. 

PrsMTvatlon  of  Solntlona. — There  arc  test  solutions  which,  in 
consoiiuence  of  their  pronencss  to  deeoinimsition,  cjninot  be  kej)! 
at  any  jiaTticular  strcngtli  for  n  length  of  time  ;  consoiucntly  tlicy 
must  be  titiiiteil  on  every  oceasion  before  being  iiseil.  Stininous 
ehloridc  and  snlphuroiis  acids  are  examples  of  sueh  sohitions. 
Sitecial  vessels  have  been  devised  for  kcejiing  solutions  liable  to 
oiler  in  strength  by  aeeess  of  air,  as  shown  in  figs.  24  and  25. 
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Fig.  24  is  c$[iGtiiiIly  np|>lic:abIo  to  caustic  alkulJtm  solutions,  the 
tube  passing  throuHli  the  caoiikliouc  stojiper  being  HJled  witli  dry 
sodn-liine,  resting  ou  cotton  'wot>l. 

Fig.  25,  Jcfigaed  by  Molir,  is  a  coneidcrable  ■  improvement 
upon  tills,  since  it  allows  of  the  biirett«  being  filled  witli  the 
solution  from  the  store  bottle  fjuietly,  nnd  witliout  any  access  of 
air  whatever.  Tlic  vessel  can  hv  used  for  eiiuatic  alkalies,  baryta, 
stannous  chloride,  permanganate,  and  sulphurous  acids,  or  any  other 
liiliiid  liable  to  undergo  change  by  absorbing  oxygon.  The  corks 
.lie  dried  and  soaked  in  melted  jiaratKne ;  or,  still  better,  may  be 
substituted  by  caoutchouc  stoppers ;  and  a  thin  layer  of  rectified 
jMiratfin  oil  is  [toured  on  the  toji  of  the  solution,  where,  of  course, 
owing  to  its  low  specific  gravity,  it  always  floats,  placing  an 
inii«rmoable  dii'isioii  between  the  air^  and  the  solution ;  and  as 
this  body  (which  should  always  be  as  pure  as  possible)  is  not 
affected  by  these  reagents  in  their  diluted  state,  this  form  ofiers 
great  advantaijes.  Solutions  not  afiected  ehemically  by  contact 
with  air  should  nevertheless  be  kept  in  bottlea,  the  corks  or  stoppere 
of  which  are  i>erfectly  closed,  and  tied  over  with  india-rubber  or 
bladder  to  prevent  evaponition,  and  should  further  be  always 
shaken  before  use,  in  case  they  are  not  <|uitc  full.  The  influence 
of  bright  light  u])on  some  solutions  is  very  detrimetital  to  their 
chemical  stability  ;  hence  it  is  advisable  to  preserve  some  solutions 
not  in  immediate  use  in  the  dark,  and 
at  a  temperature  not  exceeding  1 T)  or 
16°  C. 

Tlie  apparatus  devised  by  J.  C. 
Chorley,  and  shown  in  fig  26,  will  be 
found  uscfid  for  preserving  and  delivering 
known  volumes  of  such  solutions  as 
alcoholic  ]K>tash,  which  arc  liable  to 
contamination  by  exposure  to  air.  The 
wash  bottle  inserted  in  the  cork  of  the 
large  store  bottle  contains  a  solution  of 
caustic  soda,  and  serves  to  wash  all  air 
entering  the  large  bottle.  By  nionns  of 
the  three-way  stoi>cock  at  the  bottom  of 
the  apparatus  the  solution  is  allowe<l  to 
fill  the  pipette  and  oveiHow  into  its  upper 
chamber,  the  excess  being  caught  in  the 
small  side  bulb  and  I'eservoir;  this  solution 
serves  to  wash  oil  air  entering  the  pipette 
when  the  stoi>-cock  is  turned  to  deliver 
the  solution,  wliich  is  run  off  to  a  mark 
just  above  the  tap.  AVhen  fiill,  the  side 
reservoir  may  be  emptied  by  withdrawing 
tiio  small  ground  stoi>per. 
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ON    THE    SYSTEM    OF    WEIGHTS    AND    KEA8UBES 
TO    BE    ADOPTED    IN    VOLUKET^IC    ANALYSIS. 

S  10.  It  is  mucli  to  be  regretted  that  tlie  decimal  system  of 
weights  and  measures  used  on  the  Continent  is  not  universally 
adopted,  for  scientific  and  general  purposes,  thi-oughout  the  civilized 
world.  Its  great  advantage  is  its  uniformity  througlunit.  The 
unit  of  weight  is  the  gnuu  (  =  15*43235  grains  troy),  and  a  gram 
of  distilled  \\nU*v  at  4'  C,  or  39"  Fahr.,  measures  exactly  a  cubic 
centimeter.  The  kilogram  contains  1000  grams,  the  liter  1000 
<'Aibic  centimeters. 

It  may  not  be  out  of  place  here  to  give  a  short  description  of  the 
origin  of  the  French  (lecimal  system,  now  used  exchisively  for 
scientific  ])urposes  in  that  country,  and  also  in  Prussia,  Austria, 
Holland,  Sweden,  Denmark,  Delgium,  and  Spain. 

The  commission  appointed  in  France  for  the  purpose  of  instituting 
a  <lecimal  system  of  weights  and  measures,  founded  their  standanl 
on  the  length  of  the  meridian  arc  between  the  i)ole  and  ecjuator, 
the  ten-millionth  ]>art  of  which  was  called  the  W'/;v  (  =  39*3710 
Knglish  inches),  although  the  accuracy  of  this  measurement  has 
b(?en  tlisputed.  It  would  have  been  preferable,  as  since  proposed, 
that  the  length  of  a  pendulum  vibrating  exactly  86,400  times  in 
twenty-four  bonis,  or  one  second  for  each  vibration,  ecpiivalent  to 
39*1372  EngHsli  inches,  shoidd  have  been  taken  jus  the  stjuidanl 
fiu'ttr,  in  whi(!h  ciise  it  would  have  been  much  easier  to  verify  the 
standanl  in  case  it  should  be  damaged  or  destroyed,  llowcjver,  the 
actual  mrtre  in  use  is  etiual  to  39*371  inches,  and  from  this  standard 
its  midtiples  and  sulxlivisions  all  proceed  decimally  ;  its  one-tenth 
part  being  the  (hriiwfre,  one-hundredth  the  centimHre,  and  one- 
thousandth  the  hiil/inutir. 

In  accordance  with  tliis,  a  cube  of  distilled  water  at  its  greatest 
<lensity,  viz.,  4'  C,  or  39'  Fahr.,  whose  side  measures  one  decimeter, 
hius  exactly  the  weight  of  one  kilogram,  or  1000  grams,  and  occupies 
the  vohnno  of  one  liU'r,  or  1000  cubic  centimeters. 

This  simple  relationship  between  liquids  and  solids  is  of  great 
value  in  a  sysU^m  of  volumetric  analysis,  and  even  for  ordinary 
analysis  by  weight ;  for  tt^chnical  juirposes  it  is  equally  as  applicable 
as  the  grain  system,  the  results  being  invariably  tiibulated  in 
percentages. 

With  these  brief  explanations,  therefore,  I  liave  only  to  state 
that  the  French  decinud  system  will  be  main^  used  throughout 
this  treatise  ;  but  at  the  same  time,  those  who  may  desire  to  adhere 
to  the  ordinary  grain  Aveights,  can  do  so  without  interfering  with 
the  accuracy  of  tlie  processes  descrilMjd. 

As  has  been  before  stated,  the  true  cubic  centimeter  contains 
one  gram  of  distilled  water  at  it5  gi'eatest  density,  viz.,  4"  C, 
or  39°  Fahr. ;  but  as  this  is  a  degree  of  temperature  at  which  it 
is  imjK)88ible  to  work  for  more  than  a  montli  or  two  in  the  year,  it 
is  better  to  take  the  temperature  of  16"  C,  or  about  60"*  Fahr.,  as 
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the  standard ;  because  in  winter  most  laboratories  or  rooms  have 
furnaces  or  other  means  of  warmth,  and  in  simimer  the  same 
localities  ought  not,  under  onlinary  circumstances,  to  have  a  much 
higher  degree  of  heat  than  16"  C.  In  order,  therefore,  that  the 
graduation  of  instruments  on  the  metrical  system  may  be  as 
uniform  as  possible  with  our  own  fluid  measures,  the  cubic 
centimeter  should  contain  one  gram  of  distilled  water  at  16°  C. 
The  true  c,c.  {i.e.  =  1  gm.  at  4*  C,  or  39**  Fahr.)  contains  only 
0*999  gm.  (strictly  0*998981)  at  that  temperature;  but  for  con- 
venience of  working,  and  for  uniformity  w4th  our  own  standards 
of  volume,  it  is  better  to  make  the  c.c.  contain  one  gram  at  16"*  C. 
The  real  dificrence  is  one-thousandth  part.  The  operator,  there- 
fore, supposing  he  desires  to  graduate  his  own  measuring  flasks, 
must  weigh  into  them  250,  500,  or  1000  grams  of  distilled  water 
at  16' C,  or  60*  Fahr. 

Fresenius  and  others  have  advocated  the  use  of  the  strict  liter 
by  the  graduation  of  instruments,  so  that  they  shall  contain 
999  gm.  at  16**  C.  Mohr,  on  the  contrary,  uj?es  a  1000  gm.,  at 
the  temperature  of  17*5'^,  the  real  difference  being  1*2  c.c.  in  the 
liter,  or  about  one  eight-hundredth  part. 

It  will  be  seen  above  that  I  have  advocated  a  middle  course  on 
two  grounds:  (1)  That  in  testing  instruments  it  is  much  easier 
to  verify  them  by  means  of  round  numbers,  such  as  5  or  10  gm, 
(2)  That  there  are  many  thousands  of  instruments  already  in  use 
varying  between  the  two  extremes ;  and  as  these  cannot  well  be 
annihilated,  the  adoption  of  a  mean  will  give  a  less  ]n'obable  amount 
of  error  between  the  respective  instruments ;  and,  moreover,  the 
difference  between  the  liter  at  4""  and  16°  being  one-thousandth 
part,  it  is  easy  to  correct  the  measurement  for  the  exact  liter. 

It  matters  not  which  plan  is  followed,  if  all  the  instruments  iw 
a  particular  set  coincide  with  each  other ;  but  it  would  be 
manifestly  wrong  to  use  one  of  Mohr's  burettes  with  one  of 
Fresenius'  measuring  flasks.  Operators  can,  however,  without 
much  difficulty  re-mark  their  measuring  flasks  to  agree  with  their 
smaller  graduated  instruments,  if  they  are  found  to  difler  to  any 
material  extent. 

Variations  of  Temperature. — In  the  preparation  of  standard 
solutions,  one  thing  must  especially  be  borne  in  mind  ;  namely, 
that  saline  substaiftes  on  being  dissolved  in  water  have  a  consider- 
able effect  upon  the  volume  of  the  resulting  liquid.  The  same  is 
also  the  case  in  mixing  solutions  of  various  salts  or  acids  with  each 
other  (see  Gerlach,  "8[)ecifische  Gewichte  der  Salzcisungen ; '* 
also  Gerlach,  "Sp.  Gewichte  von  wiisserigen  Losungen,"  Z.  a  C, 
viii.  245). 

In  the  case  of  strong  solutions,  the  condensation  in  volume  is  as 
a  rule  considerable  :  and,  therefore,  in  preparing  such  solutions  for 
volumetric  analysis,  or  in  diluting  such  solutions  to  a  given  volume 
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for  the  purpose  of  removing  aliquot  portions  subsequently  for 
examination,  sufficient  time  must  be  given  for  liquids  to  assume 
their  constant  volume  at  the  standard  temperature.  If  the  strength 
of  a  standard  solution  is  known  for  one  temperature,  the  strength 
corresponding  to  another  temperature  can  only  be  calculated  if  the 
rate  of  expansion  by  heat  of  the  licpiid  is  known.  The  variation 
cannot  be  estimated  by  the  known  rule  of  expansion  in  distilled 
water;  for  Gerlach  has  shown  that  even  weak  solutions  of  acids 
and  salts  expand  far  more  than  Avater  for  certain  iiicremcnts  of 
temperature.  The  rate  of  expansion  for  pure  water  is  known, 
and  may  be  used  for  the  purpose  of  verifying  the  graduation  of 
instruments,  where  extreme  accuracy  is  retpiired.  The  following 
short  table  furnishes  tlu^  data  for  correction. 

The  weight  of  1000  c.c.  of  water  at  f  C,  when  determined  by 
means  of  brass  weights  in  air  of  /'  C,  and  at  0*7G  m.m.  ])ressure, 
is  ecpial  to  1000  -  x  gm. 

Slight  variations  of  atmospheric  pressure  may  be  entirely 
disregarded. 
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X  is   the   (piantity  to   bo  subtracted    from   1000  to  obtain  the 
weight  of  1000  c.c.  of  water  at  the  temf>erature  /'.     Thus  at  20 
2-74  must  l)e  deducted  from  1000  =  997-20. 

IJearing  the  foregoing  remarks  in  mind,  therefore,  the  safest  ])lan 
in  the  operations  of  volumetric  analysis,  so  far  as  measurement  is 
concerned,  is  to  UvSe  solutions  as  dilute  as  ]>ossible.  Absolute 
accuracy  in  estimating  the  strength  of  stiuulanl  solutions  can  only 
be  secured  by  weight,  the  ratio  of  the  weight  of  the  solution  to  the 
weight  of  active  substjuu'e  in  it  being  independent  of  tempemture. 

Casamajor  (C  A',  xxxv.  IGO)  has  nuido  use  of  the 
data  given  by  Matthiesseu  in  his  researches  on  the  expansion 
of  glass,  water,  and  mercury,  to  construct  a  tiible  of  corrections  to 
be  used  in  case  of  using  any  weak  standard  solution  at  a  different 
tem])eraturo  to  that  at  which  it  Avas  originally  standardized. 

The  expansion  of  water  is  different  at  different  tem])eratures  ; 
the  expansion  of  glass  is  known  to  be  constant  for  all  tiMn])eratures 
up  to  lOO'*.  The  correction  of  volume,  therefore,  in  glass  burettes, 
must  bo  the  known  expansion  of  each  c.c.  of  water  for  every  1"  C, 
less  the  known  expansion  of  glass  for  the  same  temperature. 

It  is  not  necessary  hero  to  reproduce  the  entire  paper  of 
Casamajor,  but  the  results  are  shortly  given  in  the  following  table. 


Deg.  C. 

24  + 

•001686 

25  + 

•001919 

26  + 

•002159 

27  4- 

•002405 

2S  + 

002657 

29  + 

•(X)2913 

30  + 

•003179 

31  -f 

•008453 

32  -h 

•003739 

33  + 

•004035 

34  -f 

•004342 

35  -f 

•004660 

36  + 

•004987 

37  + 

•005323 

38  -h 

•005667 

39  4- 

•006040 

40  + 

•006382 
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The  normal  temperature  is  15"  C. ;  and  the  figures  given  are  the 
relative  contractions  below,  and  expansions  above,  15"  C. 

De^.  C. 

7  —  •000612 

8  -—  -000590 

9  —  000550 
10  —  ^000492 
U— -000420        I 

12  -  000334 

13  —  -000236 

14  —  -000124 

1 5  Normal 

16  +  000147 

17  -h  000305 

18  +  000473 

19  +  000652 

20  +  -000841 

21  -h  001039        I 

22  +  001246 

23  +  001462 

By  means  of  these  numbers  it  is  easy  t<i  calculate  the  volume  of 
liquid  at  15°  C  corresponding  to  any  volume  observed  at  any 
temperature.  If  35  c.c.  of  solution  has  been  used  at  37**  C,  the 
table  shows  that  1  c.c.  of  water  in  passing  from  15"  to  37°  is 
increased  to  1  "005323  c.c. ;  therefore, by  dividing  35  c.c.  by  1  '005323 
is  obtained  the  quotient  34*819  c.c,  which  represents  the  volume 
at  15"*  corresponding  to  35  c.c.  at  37" ;  or  the  operation  can  be 
.simplified  by  obtaining  the  factor,  thus : 

1  -005323  "  ^'^^•^''^''^ 

A  table  can  thus  be  easily  constructed  which  would  show  the 
factor  for  each  degree  of  temperature. 

Tliese  corrections  are  useless  for  concentrated  solutions,  such  as 
normal  alkalies  or  acids;  with  great  variations  of  temperature 
these  solutions  should  be  used  by  weight. 

Instnunents  graduated  on  the  Grain  System. — Burettes,  pipettes, 
and  flasks  may  also  be  graduated  in  grains,  in  which  case  it  is  best 
to  tiike  10,000  grains  as  the  standard  of  measurement.  In  order 
to  lessen  the  number  of  figures  used  in  the  grain  system,  so  far 
as  liquid  measures  are  concerned,  I  propose  that  ten  fluid  grains  be 
called  a  decem,  or  for  shortness  dm. ;  this  term  corresponds  to  the 
cubic  centimeter,  bearing  the  same  proportion  to  the  10,000  grain 
measure  as  the  cubic  centimeter  does  to  the  liter,  namely,  the 
one-thousandth  part.  The  use  of  a  term  like  tliis  will  serve  to 
prevent  the  number  of  figures,  which  are  unavoidably  introduced 
by  the  use  of  a  small  unit  like  the  grain. 

Its  utility  is  principally  apparent  in  the  analysis  for  percentages, 
particulars  of  which  will  be  found  hereafter. 
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The  1000  j^min  burette  or  pipette  will  therefore  contiiin  100 
tleceins,  the  10,000  gr.  measure  1000  dm.,  and  so  on. 

The  eapacities  of  the  various  instrumentH  gniduattMl  on  the  grain 
systi^'m  may  be  as  follows  : — 

Flasks  :  10,000,  5000,  2500,  and  1000  grs.  =  1000,  500,  250,  and 
100  dm.  Burettes:  300  j;rs.  in  l-«j;r.  divisions,  for  very  delicate 
jmrposes  =  30  dm.  in  ^\  ;  GOO  grs.  in  2-gr.  divisions,  or  J  tlm.  ; 
1100  grs.  in  5-gr.  divisions,  or  ^  <lm.  ;  1 100  grs.  in  10-gr.  divisions, 
or  1  <lm.  The  burettes  are  graduated  above  tlie  500  or  1000  grs. 
in  order  to  allow  of  analvsis  for  percentiiges  by  the  residual  method. 
Whole  i»ipettes  to  .leliver  10,  20,  50,  100,  200,  500,  and  1000  grs., 
graduated  ditto,  100  grs.  in  ^^^  dm.  ;  500  grs.  in  1  dm.  ;  1000  grs. 
in  1  dm. 

Tliose  who  may  desire  to  use  the  decimal  systems  constructed  on 
the  gallon  mejisure  =  70,000  grains,  will  bear  in  mind  that  the 
"septem"of  (J  riff  in,  or  the  "decimillem"  of  Acland  are  each 
e<iual  to  7  grs.  ;  and  therefore  bear  the  siime  I'elation  to  the 
l)Ound  =  7000  grs,,  as  the  cubic  centimeter  does  to  the  liter,  or  tln^ 
decem  to  the  10,000  grs.  An  entirely  different  set  of  tables  for 
calculations,  etc.,  is  reciuired  for  these  systems;  but  the  analyst 
may  readily  construct  them  when  once  the  princij>les  contiiined  in 
this  treatise  are  undersU)od. 

VOLUMETRIC  ANALYSIS  BASED  ON  THE  SYSTEM  OF 
CHEMICAL  EaUIVALBNOE  AND  THE  PBEPABATION 
OF    NOBMAL    TITBATED    SOLUTIONS. 

S  11.  WiiE.v  analysis  by  measure  first  came  into  use,  tlie  test 
solutions  were  generally  j)re pared  so  that  each  8ul)st<uice  to  be  testetl 
had  its  own  s[K3cial  reagent;  and  th<»  strength  of  the  standard 
solutifm  was  so  calcidated  as  to  give  the  result  in  ]>ercentagea, 
Consejjuently,  in  alkalimetry,  a  clistinct  sttmdard  acid  was  use<l  for 
soda,  another  for  iM)ta.sh,  a  third  for  ammonia,  and  so  on,  necessi- 
tating a  great  variety  of  standard  solutions. 

(jriff  in  and  Ure  apjwar  to  have  bi»en  the  first  to  suggest  the  use 
of  stan<!ai-d  test  solutions  based  on  the  atomic  system;  and  follo\\ing 
in  their  steps  Mohr  has  worked  out  and  veriKed  many  methods  of 
analysis,  which  are  of  great  value  t^)  all  who  concern  themselves 
with  scientific  and  (^specially  t<'chni«d  chemistry,  ^^'ot  only  has 
Mohr  done  this,  but  in  addition  to  it,  lie  has  enriclu'd  his 
processes  with  so  many  original  investigations,  and  improved  the 
necessary  apparatus  to  such  an  extent,  that  he  may  with  justice 
be  called  the  fatlier  of  the  volumetric  system. 

Normal  Solntiona. — It  is  of  great  imiK>rtanco  that  no  misconcej)- 
tion  should  exist  as  to  what  is  meant  by  a  normal  solution ;  but  it 
does  unfortunately  occur,  as  may  bo  seen  by  reference  to  the 
chemical  journals,  also  to  Muir's  translations  of  Fleischor^s 
book  (see  Allen,  C,  X.  xl.  239,  also  Anait/sty  xiii.  181). 
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yprmal  solutions  ils  mj^inallyjl^viV^^^^^  nvo.  pro.])ft]roil  Juv-iKftf.  nTip 
liter  at  16°  C.  shajl_^ontoin_the_hydrogen  eqiiivalontr  ^^f  t^^^  npfiyo 
reagent  wcighecT  in  grani8^[H^l}i^  Seminornial,  qiiintinormal, 
cfeetlf6YiiiaT,"ahcl  centlnorniarsolutions  are  also  recjuired,  and  may 
be  shortly  designated  as  5  ^  y^r  ^^^^  tujj  solutions.* 

In  the  case  of  univalent  substances,  such  as  silver,  iodine, 
hydrochloric  acid,  sodium,  etc.,  the  equivalent  and  the  atomic 
(or  in  the  case  of  salts,  molecular)  weights  are  identical ;  thus,  a 
normal  solution  of  hydrochloric  acid  must  contain  36*37  grams  of 
the  acid  in  a  liter  of  fluid,  and  sodic  hydrate  40  grams.  In  the 
case  of  bivalent  substances,  such  as  lead,  calcium,  oxalic  acid, 
sulphurous  acid,  carbonates,  etc.,  the  equivalent  is  one  half  of  the 
atomic  (or  in  the  case  of  salts,  molecular)  weight ;  thus,  a  normal 
solution  of  oxalic  acid  would  be  made  by  dissolving  63  grams  of 
the  crystallized  acid  in  distilled  water,  and  diluting  the  liipiid  to 
the  measure  of  one  liter. 

Further,  in  the  case  of  trivalcnt  substiuices,  such  as  phosphoric 
acid,  a  normal  solution  of  sodic  phosphate  would  be  made  by 
weighing  ^^=119*3  grams  of  the  salt,  dissolving  in  distilled 
water,  and  diluting  to  the  measure  of  one  liter. 

One  important  point,  however,  must  not  be  forgotten,  namely, 
that  in  pre])aring  solutions  fcr  volumetric  analysis  the  value  of  a 
reagent  as  expressed  by  its  etjuivalent  hydrogen-weight  must  not 
always  be  regarded,  but  rather  its  ])articular  reaction  in  any  given 
analysis ;  for  insti\nce,  tin  is  a  quadrivalent  metal,  but  when 
using  stannous  chloride  as  a  reducing  agent  in  the  analysis  of 

•It  is  mucli  to  bo  regretted  that  the  word  "normal,"  ori^nally  based  on  tho 
equivalent  system,  should  now  be  appropriated  by  those  who  advocate  %he  use  of 
solutions  based  on  molecular  weif^hts,  because  it  not  only  letids  to  confusion  between 
the  two  systems,  but  to  utter  confusion  between  the  advocates  of  the  change  them- 
selves. In  Fleischer's  Qerman  edition  of  his  Maamnalyse  the  molecular  system 
is  advocated,  but,  as  the  old  atomic  weights  are  used,  the  solutions  are  really,  in  the 
main,  of  tho  same  strength  as  those  based  on  tho  equivalent  system.  Pattinson 
Mu ir,  however,  in  his  translation,  has  thought  proper  to  use  modem  atomic  weights, 
and  the  curious  result  is  that  one  is  directed  to  premre  a  normal  solution  of  caustic 
potash,  with  .39*1  grams  K  to  the  liter,  while  a  normal  potassic  carbonate  is  to  contain 
138-2  grams  K»CO^,  or  78'2  grams  K,  in  the  same  volume  of  solutions.  Again,  Muter, 
in  his  ManiLal  of  Analytical  Chcviistry,  defines  a  normal  solution  as  liaviug  one  moleculai' 
weight  of  the  reagent  in  grams  per  liter;  then  follows  the  glaring  inconsistency, 
among  others,  of  directing  that  a  decinormal  solution  of  iodine  should  contain  12*7 
grams  of  I  per  liter,  whereas,  if  it  was  strictly  made  according  to  the  original  definition, 
it  should  contain  25*4  grams  in  the  liter.  Menschutkin's  Analytical  Chemistry, 
translated  by  Locke,  recently  published  by  Macmillan  &  Co.,  imfortunately  adopts 
the  moleculiur  system. 

If  the  unit  H.  be  adopted  as  the  basis  or  standard,  everything  is  simplified,  and 
actual  normal  solutions  may  be  made  and  used ;  but,  on  the  molecular  system,  this 
is,  in  many  cases,  not  only  unadvisable  but  impossible,  besides  leading  to  ridiculous 
inconsistencies.  As  Allen  point-s  out  in  the  reference  above,  it  is,  to  say  the  least 
of  it,  highly  inconvenient  that  the  nomenclature  of  a  standard  solution  should  be 
capable  of  two  interpretations.  I  have  given  the  term  systematic  to  this  handbook, 
and  I  maintain  that  the  eqmvalent  system  used  is  the  only  systematic  and  consistent 
one:  it  was  adopted  originally  by  Mohr,  followed  by  Fresenius,  and  continued 
by  Classen  in  the  new  edition  of  Mohr's  Titrirmethode.  Allen  himself  has 
unhesitatingly  preferred  to  use  it  in  his  Organic  Analysis,  and  these,  together  with 
this  treatise,  being  all  text-books  having  a  wide  circulation,  ought  to  settle  definitely 
the  meaning  of  the  term  normal  as  applied  to  systematic  standard  solutions.  Anyhow, 
it  is  to  be  hoped  that  those  who  communicate  processes  to  the  chemical  journals,  or 
abstracters  of  foreign  articles  for  publication,  will  take  care  to  distinguish  between 
the  conflicting  systems. 
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iron,  the  half,  and  not  the  fourth,  of  its  molecular  wei^lit  is 
required,  as  is  shown  by  the  equation  Fe-  Cl'^  +  8n  CI-  =  2  Fe  Cl- 
+  SnCK 

In  the  same  manner  with  a  solution  of  ])ota«sic  ])c;'nianganate 
Mn  KG**  when  used  as  an  oxidizing  agent,  it  is  the  available  oxygen 
which  has  to  be  taken  into  account,  and  h<?nce  in  constructing  a 
normal  solution  one-lifth  of  its  molecular  weight  i5-  =  3r6  grams 
must  be  contained  in  tlie  liter. 

Other  instances  of  a  like  kind  occur,  the  details  of  which  will 
be  given  in  the  proj>er  place. 

A  further  illustration  may  be  given  in  order  to  show  the  method 
of  calculating  the  results  of  this  kind  of  analysis. 

Each  c.c.  of  ^(^  silver  solution  will  contain  toooj  ^^^  ^^^^  at<^mic 
weight  of  silver  =  0*0107()G  gm ,  and  will  exactly  ])recipitate 
Tiritr^  of  the  atomic  weight  of  chlorine  =  0*003537  gm.  from  any 
solution  of  a  <*hl()ride. 

In  the  case  of  normal  oxalic  acid  each  c.c.  will  contiin  ..  jj^ff  ^^^ 
the  molecular  weight  of  the  acid  =  0*063  gm.,  and  will  ncnitralize 
•xiirrj  *^^  ^^^^  molecular  weight  of  sodic  monocarbonat<i  =  0'0r)3  gm., 
or  will  combine  with  ^lyVff  ^^  ^^^^  at<»mic  weight  of  a  dyad  nictid 
such  as  lead  =  0*1032  gm.,  or  will  exactly  saturate  joVd  pf  th(j 
molecular  weight  of  sodic  hydrate  =  0*040  gm.,  and  so  on. 

Where  the  1000  grain^^ measure  is  used  atittvi?  standaixl  in  jJack*. 
of  the  liter,  p*^  giyi"'*  of  V>xaUc"^cid  woul^be  used  Yor  the  normal 
-soiution  ;  butas  IVOO  graln.y  ijp  ^o  small  a  ([ua\iUt\i to  mnk(v  it  is 
better  to  'ViH'igh  030  grains,  apd  inake,up  the.  soluliortUol  10,000 
;jfrain  mciisures-  1000  dm.  T|i(^  solution  woidd  th(»iviiav<'  exactly 
the  .same  strength  as  if  prej)arfed  on  the  littr  systeili,  a^  (t  is  prf)- 
.1)ortionately  i,he  sa\ue  in  chemijciil 
w.'Used  indiscriminate^ 

b(^riug  in  luind  thjvtAlu*  si^bstdnc^^  ;^a^     

mjust  bft  wyiglred  ^m  ii^vjin\m^^/AU^mf.\uf(i\ni('eu'f\ff'(,  unless  it  be 
d(\aix«u  wr  calcirkitc  one  sysU^m  of  weigh  w-{nt<^4!iic  other. 

The  great  convenience  of  this  et[uivalent  system  is,  that  the 
numbere  used  as  c<x»llicients  for  calculation  in  any  analysis  are 
familiar,  and  the  solutions  agree  with  each  other,  volume  for 
volume.  We  have  hitherto,  however,  looked  oidy  at  one  side  of 
its  advantage's.  For  technical  ]»urpose8  the  plan  allows  the  use  of 
all  solutions  of  systematic  strength,  and  simply  varies  tin?  amount 
of  substinco  tested  according  to  its  ecpiivalent  weight. 

Thus,  the  normal  solutions  say,  are — 

Crystallized  oxallo  acid 

Sulphuric  acid 

Hydrochloric  acid 

Nitric  acid 

Anhydrous  sodic  carbonate 

Sodic  hydrate 

Ammonia 


IS  It  prej)ane<l  on  tlie  litt'r  systeih,  af<  It  is  ptf)- 
iie  in  chemijciil  j^jwcr;  an^l  eithei1so|uiion  mdy 
at<dy  for  iuiitrumentH  gnwlfiated  oi\  e/tlier  s<rafe, 
ytAhe  si^bsranc'/t^  to  be  tpetyd  with  a  i'.c.- burette; 


=  63 

gm.  per  liter 

=  49 

gm. 

=36.37  gm. 

=  63 

gm. 

=  53 

gm. 

=40 

gm. 

=  17 

gm. 
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100  c.c  of  anv  one  of  these  normal  acids  should  exactly  neutralize 
100  c.c.  of  any  of  the  normal  alkalies,  or  the  (corresponding  amount 
of  pure  substanre  wliich  the  100  c.c.  contain.  In  connnerce  we 
continually  meet  with  substances  used  in  manufactures  which  are 
not  pure,  and  it  is  necessary  to  know  how  much  pure  substiince 
they  contain. 

I^t  us  take,  for  instance,  refined  soda  ash  (sodic  carbonate).  If 
it  were  absolut<jly  pure,  5*3  gm.  of  it  should  recpiire  exactly  100  c.c. 
of  any  normal  acid  to  saturate  it.  If  we  therefore  weigh  that 
([uantity,  dissolve  it  in  water,  and  deliver  into  the  mixture  the 
normal  acid  from  a  burette,  the  number  of  c.c.  retpiired  to  saturate 
it  will  show  the  percentage  of  pure  sodic  carbonate  in  the  sample. 
Suppose  90  c.c.  are  recpiired-  90  %. 

Again — a  manufacturer  buys  common  oil  of  vitriol,  and  requires 
to  know  the  exact  percentage  of  pure  hydra  ted  acid  in  it;  4-9  grams 
are  weighed,  dihited  with  water,  and  normal  alkali  delivered  in 
from  a  burette  till  saturated  ;  the  number  of  c.c.  used  will  be  the 
percentage  of  real  aci<l.     Suppose  58 -5  c.c.  are  re(]uired  =  58*5  ?/. 

On  the  gmin  system,  in  the  Siime  way,  53  grains  of  the  samj)le  of 
soda  ash  would  re([uire  90  dm.  of  normal  acid,  also  equal  to  90  V. 

Or,  .suppose  the  analyst  desires  to  know  the  equivalent  percentage 
of  dry  caustic  soda,  free  and  combined,  contained  in  the  above 
sample  of  soda  Jish,  without  calculating  it  from  the  carbonate  found 
as  above,  3*1  gm.  is  treated  as  before,  and  the  mmiber  of  c.c. 
required  is  the  percentage  of  sodic  oxide.  In  the  same  sample 
52*6  c.c.  would  be  re(piired  =  52*G  per  cent,  of  sodic  oxide,  or  90 
per  cent,  of  sodic  carbonate?. 

Kethod  for  percentage  of  Purity  in  Commercial  Substances. — The 
rules,  therefore,  for  obtaining  the  i)ercentage  of  pure  substance  in 
any  commercial  article,  such  as  alkalies,  acids,  and  various  sidts, 
by  means  of  systematic  normal  solutions  sucli  as  have  been 
described  are  these — 

1.  AVith  normal  solutions  ^^  or  ^?fy  (according  to  its  atomicity) 
of  the  molecular  weight  in  grams  of  tlie  substance  to  be  analyzed 
is  to  be  weighed  for  titration,  and  the  numl)er  of  c.c.  re([uired  to 
produce  the  desired  reaction  is  tlie  percentage  of  the  substance 
whose  atomic  weight  has  been  used. 

With  decinormal  solutions  yj^  or  t.  ,7^7  of  the  molecular  weight 
in  gn\ms  is  taken,  and  the  number  of  c.c.  retpiired  will,  in  like 
manner,  give  the  p(;rcentage. 

AVherc  the  grain  system  is  used  it  will  be  ne(!essary,  in  the  case 
of  titrating  with  a  nonnal  solution,  to  weigh  the  whole  or  half  the 
molecular  weight  of  the  substance  in  grains,  and  the  number  of 
decems  re([uire(l  will  be  the  percentage. 

With  decinormal  solutions,  y^^  or  vjV  ^^  ^^^^  molecular  weight  in 
grains  is  taken,  and  the  number  of  decems  will  be  the  percentage. 

It  now  only  remains  to  say,  with  respeitt  to  the  system  of  weights 
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aud  measures  to  ho.  used,  that  th(»  analyst  is  at  lihcrtv  to  (rhoase  his 
own  plan.  ]5oth  syst(*ms  are  susceptihk*  of  o<iual  accuracy,  an«l  hf 
nuist  study  his  own  convenience  as  to  whicli  \u*  will  adopt.  Tlu^ 
normal  solutions  prepannl  on  the  gram  system  art»  ecjually  ai)plical)l(^ 
for  that  of  the  grain,  and  rire  rersoj  so  that  there  is  no  necessity 
for  having  <listinct  solutions  for  each  svstem. 

Factors,  or  Coefficients,  for  the  Calculation  of  Analyses. —  It 
frequently  occurs  that  from  the  nature  of  the  suhstiince,  or  from 
itK  hoing  in  solution,  this  ju-rcentage  method  cannot  !)(»  c(mvcniently 
followcil.  For  instiuice,  supiM)<«e  the  operator  lias  a  solution  (M)n- 
t^iiiung  an  unknown  < quantity  of  caustic  i>otash,  the  strength  of 
which  he  desires  to  know  ;  a  weighed  or  measured  iiuantit}'  of  it- 
is  hrought  un«ler  the  acid  bun.'tte  and  exactly  saturated,  32  c.c. 
being  re([uired.     The  calculation  is  as  follows  : — 

The  molecular  weight  of  potiissic  hydrate  being  56  :  100  c.c.  of 
normal  acid  will  saturate;  5G  gm. ;  therefore,  as  100  c.c.  are  to  5*6  gm., 

SO  are  32  o.c.  t<.)  .'•,     .,..'  "*  ^  1*792  gm.  KlIO. 

The  simplest  way,  therefore,  to  pi*oceed,  is  t<^  multiply  the 
numl)er  of  c.c.  of  test  solution  required  in  any  analysis,  by  the 
iuVti  (^^iTHTiF  ^^  bivalent)  of  the  molecular  weight  of  the  substance 
sought,  which  gives  at  once  the  amount  of  suhstiince  ])rescnt. 

An  example  may  be  given — 1  gm.  of  marble  or  limestones  is 
taken  for  the  estimation  of  pure  calcic  carbonate,  and  exactly 
.siturated  with  stan<lar<l  nitric  or  liydrochloric  acid  — (sulphurit*  or 
oxalic  aci<l  are,  of  course,  not  admissible)  17*')  cc.  are  r^'ipiired, 
therefore  17*5  x  0*050  (the  .^oVo  ^*^  ^^*^  molecular  weight  of 
CaCO")  gives  0*875  gm.,  and  as  1  gm.  of  subsU\nce  only  was 
t-.'iken  =  87*5    '  of  wdcic  carbonate. 


ON    THE    DIBBCT    AND    INDIBECT    PBOCESSES    OF 
ANALYSIS    AND    THEIB    TBBKINATION. 

5^  12.  TiiK  direct  method  includes  all  those  analvscs  where  the 
suKstance  under  examination  is  decomiM)sed  by  8im])le  contjict  with 
a  known  ([uantity  or  (Mjuivah'ut  proporti(m  of  some  other  ImmIv 
capable  of  combining  with  it,  and  where  the  end  of  the  decomposition 
is  manifested  in  the  solution  itself. 

It  also  properly  inchules  those  analyses  in  which  the  substance 
rea<'t3  upon  another  body  to  the  expulsion  of  ji  rcj)resentativ(» 
e<piivalcnt  of  tlie  latter,  which  is  then  estimated  as  a  substitute 
for  the  thing  retpiired. 

Examples  of  this  nutthcxl  are  readily  found  in  the  process  for 
the  determination  of  iron  by  j)ermanganate,  where  the  beautiful 
rose  colour  of  the  permanganatti  asserts  itself  as  the  end  of  the 
reaction. 

The  testing  of  acids  and  alkalies  comes,  also,  under  this  class,  the 
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great  sensitiveness  of  litmus,  or  other  indicators,  allowing  the 
most  trifling  excess  of  acid  or  alkali  to  alter  their  colour. 

The  indirect  method  is  exempliiied  in  the  analysis  of  manganese 
ores,  and  also  other  peroxides  and  oxygen  acids,  by  boiling  with 
hydrocliloric  acid.  The  chlorine  evolved  is  estimated  as  the 
ecjuivalent  of  the  quantity  of  oxygen  which  has  displaced  it.  We 
are  indebted  to  Bunsen  for  a  most  accurate  and  valuable  series  of 
processes  based  on  this  principle. 

The  residual  method  is  such  that  the  substance  to  be  analyzed  is 
not  estimated  itself,  but  the  excess  of  some  other  body  added  for 
the  purpose  of  combining  with  it  or  of  decomposing  it ;  and  the 
quantity  or  strength  of  the  body  added  being  known,  and  the  con- 
ditions under  which  it  enters  into  combination  being  also  known, 
by  deducting  the  remainder  or  excess  (which  exists  free)  from  the 
original  quantity,  it  gives  at  once  the  proportional  quantity  of  the 
substance  sought. 

An  example  will  make  the  principle  obvious  : — Supi)ose  that  a 
sample  of  native  calcic  or  baric  carbonate  is  to  be  tested.  It  is  not 
possible  to  estimate  it  with  standard  nitric  or  hydrochloric  acid  in 
the  exact  quantity  it  requires  for  decomposition.  There  must  be 
an  excess  of  acid  and  heat  applied  also  to  get  it  into  solution  ;  if, 
therefore,  a  known  excessive  quantity  of  standard  acid  be  first 
added  and  solution  obtained,  and  the  liquid  then  titrated  backward 
with  an  indicator  and  standard  alkali,  the  quantity  of  free  acid  can 
be  exactly  determined,  and  consequently  that  which  is  combined 
also. 

In  some  analyses  it  is  necessary  to  add  a  substance  which  shall 
be  an  indicator  of  the  end  of  the  process ;  such,  for  instance,  is 
litmus  or  the  azo  colours  in  alkalimetry,  potassic  chromate  in  silver 
and  chlorine,  and  starch  in  iodine  estimations. 

There  are  other  ])rocesses,  the  end  of  which  can  only  be 
determined  by  an  indicator  se])arate  from  the  solution ;  such  is 
the  case  in  the  estimation  of  iron  by  potassic  bichromate,  where 
a  drop  of  the  liquid  is  brought  into  contact  with  another  drop  of 
solution  of  red  potassic  pnissiate  on  a  white  slab  or  plate  ;  when 
a  blue  colour  ceases  to  fonn  by  cont<ict  of  the  two  liijuids,  the  end 
of  the  process  is  reached. 


AXALYHIS    BV    SATL'RATloX. 


ALEAUMBTBT. 
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oil  n\v 
1  ^rcyiMli   luniMy  t'ojoiir,   itiie   to 
inert  niiittcra,  Imtli  of  ve^'uttiblc  uinl  luiiicml  itaturi;. 

A  BJmjile  solution  niiiy  l>c  made  by  tn-iiting  tlu-  ciilies  ivitli 
rc[)ettt«d  siimll  ijuimtitii-s  of  but  \viit«r;  iiiixiii;;:  all  tliu  (-:clnk(:ti<, 
and  iillowing  tin.-  lii|Util  to  Htitnd  in  n  l:uvur>^l  bcitki'i'  for  a  day  or 
niglit  The  cleiir  bhiu  liquid  is  tbeii  [loiirud  off  anil  iiIiicTd  in  the 
stock  bottle^  togtitlicr  witli  two  or  three  druiu  of  chlorofurni,  tliis 
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latter  agent  prevents  the  development  of  bacteria,  and  if  the 
bottle  is  simply  covered  with  a  i)iece  of  pa])er,  through  whicli  the 
pil)ettc  is  passed,  the  solntion  will  keep  for  a  long  period.  If  the 
colour  is  a  deep  l.>lue  it  must  be  modified  by  a  few  drops  of  diluted 
hydrochloric  acid,  until  it  is  a  faint  purple.  In  course  of  time  it 
may  lose  its  colour,  but  this  may  be  restored  by  simple  exposure 
in  a  basin.  ^Vnother  method  of  preparing  an  extract  of  litmus  in 
a  concentrated  form  for  dilution  whenever  required  is  as  follows : 
extract  all  soluble  matters  from  the  solid  litmus  by  repeated 
quantities  of  hot  water ;  evaporate  the  mixed  extracts  to  a  moderate 
bulk,  and  add  acetic  acid  in  slight  excess  to  decompose  carbonates; 
evaporate  to  a  thick  extract,  transfer  this  to  a  beaker,  and  add  a  laige 
proportion  of  hot  85  per-cent.  alcohol  or  metliylated  spirit ;  by  this 
treatment  the  blue  colour  is  precipitated,  and  the  alkaline  acetates, 
together  with  some  red  colouring  matter,  remain  dissolved ;  the 
fluid  with  i)recipitate  is  thrown  on  a  filter,  washed  with  hot  spirit, 
and  the  pure  colouring  matter  finally  evaporated  to  a  paste,  which 
is  jilaeed  in  a  wide-mouthed  bottle,  together  with  a  few  drops  of 
chloroform  ;  this  extract  will  keep  for  years  unchanged. 

Another  recent  method  gives  the  be^t  results  of  any.  The 
crushed  litmus  is  extracted  with  warm  distilled  water,  as  before 
described,  and  the  several  extracts  mixed,  then  allowed  to  stand 
in  a  beaker  till  quite  clear — this  clear  extract  is  poured  oti", 
freely  acidified  with  hydrochloric  acid,  and  put  into  a  dialyser, 
which  is  surrounded  by  running  wator  and  kept  so  for  about 
a  week.  The  colouring  matter  of  litmus  being  a  colloid,  all  the 
calcium  and  other  salts  are  removed,  and  a  jnire  solul)le  colour  in 
hot  distilled  water  remains,  which  may  be  preserved  in  the 
manner  previously  described,  or  evapomted  to  a  pasty  condition 
and  kept  for  use  at  any  time  when  recjuirod. 

Free  carbonic  acid  interferes  considerably  with  the  production  of 
the  blue  colour,  and  its  interference  in  titrating  acid  solutions  with 
alkaline  carbonates  can  only  be  got  rid  of  by  boiling  the  liquid 
during  the  operation,  in  order  to  disj^lace  the  gas  from  the  solution. 
If  this  is  not  done,  it  is  easy  to  overstej)  the  exact  point  of  neutrality 
in  endeavouring  to  produce  the  blue  colour.  The  same  difficulty  is 
also  found  in  obtaining  the  piidc-red  whAi  acids  are  used  for 
titrating  alkaline  carbonates,  hence  the  great  value  of  the  caustic 
alkaline  solutions  free  from  carbonic  acid  when  this  indicator  is  used. 

It  sometimes  occurs  that  titration  by  litmus  is  required  at  night. 
Ordinary  gas  or  lamp  light  is  not  adapted  for  showing  the  reaction 
in  a  satisfactory  manner;  but  a  very  sharp  line  of  demarcation 
between  red  and  blue  may  be  found  by  using  a  monochromatic 
light.  AVith  the  yellow  sodium  flame  the  red  colour  api)ears 
perfectly  colourless,  while  the  blue  or  violet  aj)pears  like  a  mixture 
of  black  ink  and  water.  The  transition  is  very  sudden,  and  even 
sharper  than  the  change  by  daylight. 

The  operation  should  be  conducted  in  a  perfectly  dark  room ; 
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and  the  flame  may  ho  best  obtained  by  heatin*^  a  i)io('('  of  ]>latiniim 
coil  sprinkled  with  salt,  or  a  piece  of  jmmice  HatiiraU^d  with  a 
concentrated  solution  of  salt,  in  the  lUmsen  llanie. 

2.  LitmuB  Paper. — Is  simply  made  by  dipping'  strips  of 
calendered  unsized  paper  in  the  solution  and  drying  them  ;  the 
solution  used  being  rendenMl  blue,  red,  or  violet  as  may  l)e 
required. 

3.  Cochineal  Solution. — This  indicator  possesses  the  advantage 
over  litmus,  that  it  is  not  so  much  modified  in  colour  by  tin*  presence 
of  carbonic  acid,  and  may  be  used  by  gjis-light.  It  may  also  be  used 
with  the  best  cfiect  with  solutions  of  the  alkaline  earths,  such  as 
lime  and  baryta  wat<.T ;  the  colour  with  pure  alkalies  and  earths  is 
es|)ccially  sharp  and  brilliant.  The  solution  is  made  by  digesting 
1  part  of  crushed  cochineal  with  10  i)arts  of  25  ])(»r-c('nt.  alcohol. 
Its  natural  colour  is  yellowish-red,  which  is  turned  to  violet  by 
alkalies ;  minenil  acids  restore  the  original  c(»lour ;  it  is  not  so 
easily  ati'ected  by  weak  organic  acids  as  litmus,  an«l  therefore  for 
these  acids  the  latter  is  preferable.  It  cannot  be  used  in  the 
presence  of  ev(?n  traces  of  iron  or  alumina  comjioinids  (^r  acetates, 
which  fact  limits  its  use. 

4.  Turmerio  Paper. — Pettenkofer,  in  his  estimation  of  car- 
bonic acid  by  baryta  watc^r,  prefers  turmeric  paper  as  an  indicator. 
For  this  purpose  it  is  best  i)reparcd  ])y  dig(?8ting  pieces  of  the  root, 
first  in  repeate<l  small  quantities  of  water  to  remove;  a  ])ortion  of 
objectionable  <'olouring  matter,  then  in  alcohol,  and  dipping  strips 
of  calendered  misized  paiM?r  int<i  the  ah'oholic  solution,  drying  and 
preserving  them  in  the  dark. 

Thomson  in  continuance  of  his  valuable  stu«li«'s  on  various 
indicators,  fouml  that  turmeric  paper  is  of  very  little  use  for 
ammonia,  or  the  alkaline  carbonates,  or  sulphides  and  sulphites, 
but  he  prepared  a  special  paper  of  a  light  red-brown  e<»lour,  by 
dipping  it  into  the  alcoholic  tincture  of  turmeric  rendered  slightly 
alkaline  by  caustic  soda.  If  this  paper  is  wetted  with  water  the 
colour  is  intensified  to  a  dark  red  brown  ;  when  partly  immerse<l  in 
a  v(»ry  dilute  solution  of  an  acid,  the  wetted  portion  becomes  l)right 
yellow,  while  immediately  almve  this  a  moistened  dark  re(l-brown 
band  is  formed,  and  the  upper  dry  jiortion  retains  its  original 
colour.  This  appearan(.'e  only  occurs  in  the  titration  of  a  com- 
paratively large  proportion  of  an  acid,  when  the  latter  is  nearly  all 
neutralized,  and  thus  serves  to  indicate  the  near  ajjproaeh  to  the 
end-reaction.  WHien  nciutral  or  alkaline,  the  colour  of  the  immersed 
portion  of  paper  is  simi»ly  intensified  as  already  described.  This 
intensification  is  quite  as  deci<led  as  a  change;  of  tint.  This  red- 
brown  paper  is  eipially  as  sensitive  as  i)henolphthalein  for  the 
titration  of  citric,  acetic,  tartaric,  oxalic  and  other  organii!  acids  by 
standard  soda  or  potash,  and  may  be  used  for  higlilv  coloured 
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solutions.      It  is   also   available,   like   phenolphthalein,"  for   the 
estimation  of  small  quantities  of  acid  in  strong  alcohol. 

Indicators  derived  from  the  Azo  Colours,  etc. 

A  great  stride  has  been  taken  in  the  application  of  these 
modern  indicators,  and  the  best  thanks  of  all  chemists'are  due  to 
R.  T.  Thomson  for  his  valuable  researches  on  them,  read  before 
the  Chemical  Section  of  the  Philosophical  Society  of  Glasgow,  and 
published  in  their  Transactions;  also  reprinted  (C  N.  xlvii.  123, 
185;  xlix.  32,  119;  /.  JS,  C,  I.  vi.  195).  The  experiments 
recorded  in  these  i^apers  are  most  carefully  carried  out,  and  the 
truthfulness  of  their  results  has  been  verified  by  Lunge  and  other 
practical  men  as  well  as  by  myself. 

Space  will  only  •^)ermit  here  of  a  record  of  the  results,  fuller 
details  being  given  in  the  publications  to  which  reference  has  been 
made. 

Much  discussion  has  arisen  ivs  to  the  comparative  sensitiveness 
of  litmus  and  methyl  orange,  but  there  can  be  no  doubt  that  in 
the  absence  of  C(J-  litmus  bears  the  palm,  especially  with  very 
dilute  solutions.  In  the  titration  of  alkaline  carbonates  litmus 
may  safely  be  used,  if  a  considerable  excess  of  standard  acid  is 
first  added,  the  CO-^  completely  boiled  ofl',  the  liquid  rapidly 
cooled,  then  titrated  back  with  standard  alkali  free  from  CO-. 
Where  very  great  delicacy  is  required,  not  only  must  the  standard 
solutions  be  free  from  CO-  but  the  distilled  water  used  for  dilution 
should  have  been  recently  boiled. 

5.  Methyl  Orange,  or  para-tlimethylaniline-azo-benzone-sulphonic 
acid  is  prepared  by  the  action  of  diazotized  sulphanilic  acid  upon 
dimethylaniline,  the  commercial  product  being  either  an  ammonium 
or  sodium  salt  of  the  sulphonic  acid  thus  produced.  If  carefull}' 
prepared  from  the  purest  materials  it  possesses  a  bright  orange 
colour,  perfectly  soluble  in  water;  but  the  commercial  product  is 
often  of  a  dull  colour,  due  to  slight  impurities  in  the  substances 
from  which  it  is  produced,  and  often  not  completely  solulile  in 
water.  These  impurities  may  generally  be  removed  by 
recrystallization  from  hot  alcoholic  solution.  Complaints  have 
been  made  by  some  operators  that  the  commercial,  article  is  some- 
times unreliable  as  an  indicator ;  it  may  be  so,  but  although  I  have 
examined  many  specimens,  I  have  not  yet  found  any  in  which  the 
impurities  sensibly  aifected  its  delicate  action  when  used  in  the 
proper  manner.  The  common  enor  is  the  use  of  too  much  of  it ; 
again,  there  is  the  personal  error  of  observation,  'some  eyes  being 
much  more  sensitive  to  the  change  of  tint  than  others.  The 
great  value  of  this  indicator  is  that,  unlike  litmus  and  some  other 
agents,  it  is  comparatively  unaffected  by  carbonic  acid,  sulphuretted 
hydrogen,  hydrocyanic,  silicic,  boric,  arsenious,  oleic,  stearic, 
palmitic,  and  carbolic  acids,  etc.      It  must  not  be  used  for  the- 
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organic  acids,  such  as  oxalic,  acetic,  citric,  tartaric,  etc.,  since  J 
tlui  end-reaction  is  indefinite  ;  nor  can  it  be  used  in  the  presence 
of  nitrous  acid  or  nitrites,  wliich  decompose  it.  It  may  safely  be^ 
used  for  the  estimation  of  free  mineral  acids  in  alum,  ferrous 
sulphate  or  ('hloride,  zinc  sulphate.,  cupric?  sulphate  or  chloride.  The 
acid  radiad  (and  consequently  its  e(iuivalent  metid)  in  rupric 
sulphate  and  similar  salts  may  be  estimak?d  with  accuracy  by  pre- 
cipitating the  solution  with  sulphuretted  hydrogen,  filtering,  and 
titrating  the  filtratt*  at  once  with  normal  alkali  and  methyl  orange. 

Methyl  orange  is  especially  useful  for  the  accurate  standardizing 
of  any  of  the  mineral  acids  by  means  of  pure  sodic  carbonate  in  the 
cold,  the  libera t<Ml  carbonic*  acid  having  practically  no  effect,  as  is  the 
case  with  manv  indicators.  Its  etfcict  is  also  excellent  with  ammonia 
or  its  salts.  A  convenient  strength  for  the  indicator  is  1  gram  of 
the  powder  in  a  lit«.'r  of  distilled  water;  a  single  small  dr(»p  of  tluj 
liquid  is  sufficient  for  100  c.c  or  more  of  any  colourless  solution — 
the  colour  being  faint  yellow  if  alkaline,  and  ]>ink  if  acid  ;  if  too 
much  is  used  the  end-reaction  is  slower  and  nnn'h  less  definite. 
All  titrations  with  methyl  orange  should  be  carrietl  on  at  ordinary 
temperatures  if  the  utmost  accuracy  is  desired. 

There  are  two  other  azo-(M>mpounds  in  use,  more  esiH»cially  l)y 
continental  chc^mists,  which  possess  the  same  properties  and  give 
much  the  same  effect  as  methyl  orange,  namely  Fischer's 
<limethylamido-azobenzene  and  troptt'olin  UO.  My  exp<^rience  is 
that  these  preparations  are  less  sensitivi*  than  methyl  orange,  and 
wherever  they  are  recommended  for  any  i)rocess  of  titration  the 
latUir  mav  be  substituttnl  with  advantage. 

G.  Phenacetolin. — This  substance  is  prei)ared  by  boiling  together 
for  several  hours  equal  molecular  proportions  of  ])henol,  acetic 
anhydride,  an<l  sulphuric  acid.  The  jiroduct  is  well  washed  with 
water  t«)  remove  excess  of  acid  and  dried  for  use  ;  it  is  solubhj 
only  in  alcohol,  and  a  convenient  strength  is  2  gm.  per  liter.  The 
solution  is  dark  brown,  which  gives  a  scarcely  perceptible  yellow 
with  t^austic  soda  or  pf»tiis]i,  when  a  few  drops  are  used  with  the 
ordinary  volumes  of  litpiid.  AVith  ammonia  and  the  normal 
alkaline  carbonaU's  it  gives  a  dark  jank,  with  bicarbonate  a  much 
more  intense  jmik,  and  with  mineral  acids  a  golden  yellow.  This 
indicator  may  be  used  to  estimate  the  amount  of  caustic  iK)tash 
or  soda  in  tlu*  presence  of  their  nonnal  carbonates  if  the  i)roportion 
oi  the  former  is  not  very  small,  or  of  caustic  lime  in  the  presence 
of  carbonate. 

Practice  however  is  required  with  solutions  of  known  conq»osition, 
so  as  to  acquire  knowledge  of  the  exact  shades  of  colour. 

7.  Fhenolphthalein. — This  substance  is  obtiiined  l)y  heating 
together  at  120*  C,  for  ten  or  twelve  hours,  five  parts  of  phthalic 
anhydride,  ten  of  j)henol,  and  four  of  sidphuric  acid ;  the  product 
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is  boiled  with  water,  anil  the  residue  dissolved  in  dilute  soda  and 
filtered.  The  filtrate  contains  the  phenolphthalein,  which  may 
be  precipitated  by.  neutralizing  with  acetic  and  hydrochloric  acids, 
and  purified  by  solution  in  alcohol,  boiling  with  animal  charcoal 
and  re-precipitating  with  boiling  water ;  it  is  of  a  resinous  nature, 
but  quite  soluble  in  50  per-cent.  alcohol.  A  convenient  strength 
is  10  gm.  per  liter. 

A  few  drops  of  the  indicator  show  no  colour  in  the  ordinary 
volumes  of  neutral  or  acid  liquids ;  the  faintest  excess  of  caustic 
alkalies,  on  the  other  hand,  gives  a  sudden  change  to  purple-red. 

This  indicator  is  useless  for  the  titration  of  free  ammonia,  or  its 
compounds,  or  for  the  fixed  alkalies  when  salts  of  ammonia  are 
present,  except  with  alcoholic  solutions,  in  which  case  caustic  soda 
or  potash  displace  the  ammonia  in  equivalent  quantities  at  ordinary 
temperatures,  and  the  indicator  forms  no  compound  with  the 
ammonia. 

It  may,  however,  be  used  like  phenacetolin  for  estimating  the 
proportions  of  hydrate  and  carbonate  of  soda  or  potash  in  the 
same  sample  where  the  proportion  of  hydrate  is  not  too  small. 
Unlike  methyl  orange,  this  indicator  is  especially  useful  in  titrating 
all  varieties  of  organic  acids ;  viz.,  oxalic,  acetic,  citric,  tartaric, 
etc. 

One  great  advantiige  possessed  by  phenolphthalein  is,  that  it 
may  be  used  in  alcoliolic  solutions,  or  mixtures  of  alcohol  and 
ether,^*^  and  therefore  many  organic  acids  insoluble  in  water  may 
be  accurately  titrated  by  its  help ;  in  addition  to  this  it  may  be 
iised  to  estimate  the  acid  combined  with  many  organic  bases, 
such  as  morphia,  quinia,  brucia,  etc.,  the  base  having  no  elFect 
on  the  iiidicator. 

8.  Rosolic  Acid  is  soluble  in  50  per-cent.  alcohol,  and  a  con- 
venient strength  is  2  gm.  per  liter.  Its  colour  is  pale  yellow, 
unaffected  by  acids,  but  turning  to  violet- red  with  alkalies.  It 
possesses  the  advantage  oyer  litmus  and  the  other  indicators,  that 
it  can  be  relied  upon  for  the  neutralization  of  sulphurous  acid 
with  ammonia  to  normal  sulphite  (Thomson).  Its  delicacy 
is  sensibly  affectcnl  by  salts  of  ammonia  and  by  carbonic  acid. 
It  is  excellent  for  all  the  mineral,  but  useless  for  the  organic  acids, 
excepting  oxalic. 

9.  Lacmoid. — This  indicator  is  a  product  of  resorcin,  and  is 
therefore  somewhat  allied  to  litmus  ;  nevertheless,  it  difters  from  it 
in  many  respects,  and  has  a  pronounced  and  valuable  character  of 
its  own,  especially  when  used  in  the  form  of  paper.     It  may  be 

•  H.  X.  aud  C.  Draper  {C.  N.  Iv,  143)  have  shown  that  this  indicator  is  rapidly 
decomposed  by  atmospheric  carbonic  acid,  which  is  uiore  readily  absorljed  by  alcohol 
than  by  water.  Fortunately  this  is  less  the  case  with  hot  solutions  than  with  cold : 
titrations  of  this  kind  should  therefore  be  quickly  done,  and  with  not  too  small 
u  quantity  of  the  indicator. 
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prepared  by  heating  gradually  to  110^  C.  a  mixture  of  100  parts 
of  resorcin,  live  parts  of  sotlic  nitrite,  and  five  parts  of  \vatt»r; 
after  the  violent  reaction  nunlerates,  it  is  heated  to  120  C.  until 
evolution  of  ammonia  ce;u<es.  The  residue  is  dissolvi^l  in  warm 
wati^r,  and  the  lacmoid  jireeipitated  therefrom  hy  liydrodilorie 
acid ;  it  is  well  wtished  from  free  acid  and  dried  for  us(.'.  Lacm(»id 
is  soluble  in  dilute  alcohol,  ami  the  in<licator  is  ])est  made  b}' 
dissolving  2  gm.  to  the  liter. 

10.  Lacmoid  Paper. — This  is  prepared  by  (lii»|»ing  slips  of 
calendered  unsized  paper  into  the  blue  or  red  solution,  and  drying 
them. 

Thomson  stiites  that,  in  nearly  every  i)articular,  lacmoid  j-aper, 
either  blue  or  red,  is  an  excellent  substitute  for  methyl  orange, 
and  mav  be  cmploved  in  titratin*;  colouriMl  solutions  wliere  the 
latter  wuuld  b«»  useless.  Solution  of  lacmoid,  on  the  other  hand, 
is  not  so  valuable  as  tlu^  paper,  in.xsnnich  as  it  is  more  easily  ailecteil 
by  weak  acids  such  as  carbonic,  l)ori(!,  et<'. 

There  are  a  host  nf  other  in(li<;ators  belonging  to  the  same  category 
as  those  mentioned  above,  such  as  Congo  reil,  I*orri(;r's  blue, 
lluoresc.in,  etc.  ;  but  as  they  havc^  no  special  atlvantag''s  over  them, 
and  indeed  are  practically  inferior  in  delicacy,  no  tlesi.-ription  of 
them  will  be  giveu  here. 

Two  (»r  more  indicators  arc  sometimes  useful  in  one  and  the 
sauKi  solution,  and  will  b(*  described  as  (x-casion  rcfpiires. 

iS|>ecial  in<licators  for  certain  purpose's,  such  as  potassii;  chromat^? 
for  silver,  ferric  sulphate  for  sulphoeyanides,  etc.,  will  be  described 
in  their  proper  i»lace. 

Extra  Sensitive  Indicators. — My  litis  and  Fiirster  {lUrirJitc^ 
xxiv.  \\>^'l  ;  also  C.  N.  Ixiv.  'I'l^,  id  ^*!'i.)  desrribi*  a  series  nf 
experiment's  on  the  estimation  of  minute  traces  of  alkali  and  the 
recognition  of  the  n(!utralitv  of  water  bv  means  of  an  I'tlieieal 
solution  of  iodeosin  or  erythr«»sin.  This  l)o«ly  is  a  derivative  of 
lhiores(!in,  \\\\A  oceui-s  plentifully  in  <M»mnierce  as  a  A'^^'  for  fabrics 
and  j)ai>er.  The  co]nmercial  material  is  jiurilii'd  by  solution  in 
aqueous  etli<r,  and  the  filtered  solution  is  shaken  with  dilute 
caustic  soda  which  remov«'s  the  colour;  the  latter  is  then  ]»reeipit<d('d 
with  stronger  alkali.  The  salt  is  then  filtereil  oil",  washed  with 
spirit  and  linallv  recrvj>tallized  from  hot  alcoh(»l.  The  indicator 
used  by  the  operators  was  made  by  dissolving  1  decigram 
of  the  <lry  powder  in  a  liter  of  a^pieous  pure  ether.  The 
ether  of  commerc<'  is  j)urilied  and  r(*n<lered  neutral  by  Avashing 
with  weak  alkali,  afterwanls  with  pure  water,  and  keeping 
the  ether  over  ])ure  water.  The  indicator  so  prei»ared  is  quite? 
useless  for  the  ordinary  titration  of  aci<ls  and  alkalies  ;  its 
chief  use  is  for  the  detection  and  measurement  of  very  miiuite 
l»roportions  of  alkali  such  as  would  occur  in  water  kept  in  glass 
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vessels,  or  tlie  solubility  of  calcium  or  other  earthy  carbonates  in 
water  free  from  carbonic  acid,  or  in  the  use  of  millinormal  solutions 
of  alkalies  and  acids,  also  the  neutrality  of  so-called  pure  salts 
or  water.  ^The  method  of  using  the  indicator  is  that  of  shaking 
up  say  20  c.c.  of  the  indicator  with  100  c.c.  of  the  liquid  to 
be  examined,  when,  if  alkali  is  present,  a  rose  colour  will  be 
(iommunicated  to  the  layer  of  ether  which  rises  to  the  top.  The 
indicator  may  be  used  in  conjunction  with  millinormal  standard 
solutions,  or  colorimetrically,  like  the  well-known  Xessler  test. 
Further  details  of  its  use  are  described  in  the  contributions 
mentioned.  Another  similar  indicator  is  mentioned  by  Ruhemann 
{J.  C,  S.  Trans.  Ixi.  285),  the  imide  of  dicinnamylphenylazimide. 
This  material  gives  a  violet  rose  colour  with  the  most  minute  traces 
of  alkali,  such,  for  instance,  as  would  occur  from  merely  heating 
alcohol  in  a  test  tube, — the  faint  trace  of  alkali  thus  derived  from 
the  glass  being  sufficient  to  cause  a  rapid  development  of  colour. 


SHORT  SUMMABT  OF  THOMSON'S  BESULT3  WITH 
INDICATORS  AND  PURE  SALTS  OF  THE  ALKALIES 
AND    ALKALINE    EARTHS. 

The  whole  of  the  base  or  acid  in  the  following  list  of  substances 
may  be  estimated  with  delicacy  and  precision  unless  otherwise 
mentioned. 

Litmus  Cold. — Hydrates  of  soda,  potash,  ammonia,  lime,  baryta, 
etc. ;  arsenites  of  soda  and  potash,  and  silicates  of  the  same  bases ; 
nitric,  sulphuric,  hydrochloric,  and  oxalic  acids. 

Litmus  Boiling. — The  neutral  and  acid  carbonates  of  potash, 
soda,  lime,  baryta,  and  magnesia,  the  sulphides  of  sodium  and 
ix)tassium,  and  silicates  of  the  same  bases. 

Methyl  Orange  Cold. — The  hydrates,  carbonates,  bicarbonates, 
sulphides,  arsenites,  silicates,  and  borates  of  soda,  potash,  ammonia, 
lime,  magnesia,  baryta,  etc.,  all  the  mineral  acids,  sulphites,  half  the 
base  in  the  alkaline  and  earthy  alkaline  phosphates  and  arseniates. 

Rosolic  Acid  Cold. — The  whole  of  the  base  or  acid  may  be 
estimated  in  the  hydrates  of  potash,  sotla,  ammonia,  and  arsenites 
of  the  same ;  the  mineral  and  oxalic  acids. 

Rosolic  Acid  Boiling. — The  alkaline  and  earthy  hydrates  and 
carbonates,  bicarbonates,  sulphides,  arsenites,  and  silicates. 

Phenacetolia  Cold. — The  hydrates,  arsenites,  and  silicates  of  the 
alkalies ;  the  mineral  acids. 

Phenacetolin  Boiling. — The  alkaline  and  earthy  hydrates,  car- 
bonates, bicarbonates,  sulphides,  arsenites,  and  silicates. 
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Phenolphthalein  Cold. — The  alkiilino  liydrat^^s,  except  junnionia  ; 
the  mineral  acids,  oxalic,  citric,  tartaric,  a(;etic,  and  other  organic 
acids. 

Phenolphthalein  Boiling-. — The  alkahne  and  earthy  hydrates, 
carbonates,  bicarbonates,  and  snlpliides,  always  excei)tin^  aninionia 
and  its  sidts. 

Laomoid  Cold. — The  alkaline  and  earth v  hvdrate.-j,  arsenites  and 
borates,  and  the  mineral  acids.  Manv  salU  of  the  metals  which  are 
more  or  less  acitl  to  litmus  are  neutral  to  lacmoid,  such  as  the 
suljihates  and  chlorides  of  iron,  copper,  and  /.um'  ;  therefore  this 
indicator  serves  for  estimating  free  acids  in  such  solutions. 

Lacmoid  Boiling-. — The  hydrates,  carbonates,  and  bicarbonat(\s  of 
l)otash,  soda,  and  alkaline  earths. 

Lacmoid  Paper  --  The  alkaline;  and  earthy  hydrates,  carbonates, 
bicarbonates,  sulphides,  arseniU'S,  silicates,  and  borates  ;  the  mineral 
acids ;  half  of  the  base  in  sulphites,  phosphates,  arseniati^s. 

This  indicator  reacts  alkaline  with  the  chromates  of  potasli  or 
80<.la,  but  neutral  with  the  bichromates,  so  that  a  mixture  of  the 
two,- or  of  bichromates  with  free  chromic  acid,  may  be  titrated  by 
its  aid,  which  could  also  be  done  with  methyl  orange  wen?  it  not 
for  the  colour  of  the  solutions. 

The  foUowiijg  substances  can  be  determined  by  standard 
alcoholic  potash,  with  phenolphthalein  as  indi<"ator.  One  c.c. 
normal  caustic  potash  (1  c.c.  =  '056  gm.  KHO)  is  ecpial  to  - 
(He liner  and  Allen) 

'O^S  gui.  butyric  acuL         '1007  gm.   tributyrin 

•282     „  oleic  acid.  •2947     „     triolein. 

•256     „  ])almitic  acid         '2687     „     tripalmitiu. 

•284     „  stearic  acid  '2967     „     trist<'arin. 

•410     „  cerotic  acid.  •G760     ,,     myricin. 

•329     „  resin  acids  (ordinary  coloi)hony,  chieHy  sylvic  acid). 

General    Characteristics    of   the    Foregt>ing-    Indicators. 

It  is  interesting  to  notice  the  ditlerent  degrees  of  s(uisitiveness 
shown  by  indicators  used  in  testing  acids  and  alkalies.  This  is  wtdl 
illustrated  by  Thomson's  experiments,  wher<i  he  used  solutions 
of  the  indic^it<.>r  containing  a  known  weight  of  the  solid  material, 
and  so  adjusted  as  to  give,  jus  near  as  could  be  judged,  the  same 
intensity  of  colour  in  the  reaction. 

It  was  found  that  lacmoid,  rosolic  acid,  phenacetolin,  and 
phenolphthalein  were  capable  of  showing  the  change  of  colour 
with  one-fifth  of  the  quantity  of  acid  or  alkali  which  was  required 
in  the  case  of  methyl  oriinge  or  litmus;  that  is  to  say,  in  100  c.c. 
of  liquid,  where  the  latter  took  0*5  c.c,  the  same  etfect  with  the 
former  was  gained  by  0*1  c.c. 
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Another  important  distinction  is  shown  in  their  respective 
behaviour  with  mineral  and  organic  acids. 

It  is  true  tlie  w^hole  of  them  are  alike  serviceable  for  the 
mineral  acids  and  fixed  alkalies ;  but  they  difTer  considerably  in 
the  case  of  the  organic  acids  and  ammonia.  Methyl  orange 
and  lacmoid  appear  to  be  most  sensitive  to  alkalies,  while 
phenol phthalein  is  most  sensitive  to  acids ;  the  others  appear  to 
occupy  a  position  between  these  extremes,  each  showing,  however, 
special  peculiarities.  The  distinction,  however,  is  so  marked,  that, 
as  Thomson  says,  it  is  possible  to  have  a  liquid  which  may  be 
acid  to  phenol[)hthalein  and  alkaline  to  lacmoid. 

The  presence  of  certain  neutral  salts  has,  too,  a  definite  effect 
on  the  sensitiveness  of  certain  indicators.  Sulphates,  nitrates, 
chlorides,  etc.,  retard  the  action  of  methyl  orange  slightly,  while  in 
the  case  of  phenacetolin  and  j)henolphthalein  they  have  no  effect. 
On  the  other  hand,  neutml  salts  of  ammonia  have  such  a  disturbing 
influence  on  the  latter  as  to  render  it  iiseless,  unless  with  special 
precautions. 

Nitrous  acid  alters  the  composition  of  methyl  orange ;  so  also 
do  nitrit(»s  when  existing  in  any  quantity.  Forbes  Carpenter 
has  noted  this  effect  in  testing  the  exit  gases  of  vitriol  chambers 
(/.  S.  a  I.  V.  287). 

Sulphites  of  the  fixed  alkalies  and  alkaline  earths  are  practically 
neutral  to  phenolphthalein,  but  alkaline  to  litmus,  methyl  orange, 
and  j)henacetolin. 

Sulphides,  again,  can  be  accurately  titrated  with  methyl  orange 
in  the  cold,  and  on  boiling  off  the  II'-S  a  tolerably  accurate  result  can 
be  obtained  with  litmus  and  phenacetolin,  but  with  phenolphthalein 
the  neutral  })oint  occurs  Avhen  half  the  alkali  is  saturated.  The 
phosphates  of  the  alkalies,  arseniates,  and  arsenites,  also  vary  in 
their  effects  on  the  various  indicators. 

Again,  boric  acid  and  the  borates  can  be  very  accurately  titrated 
by  help  of  methyl  orange  or  lacmoid  paper,  but  the  other  indicators 
are  practically  useless,  except  Avith  the  modification  on  page  44. 

Thomson  classifies  the  usual  neutrality  indicators  into  three 
groui)s.  The  methyl  orange  group,  comprising  that  substance, 
together  w4th  lacmoid,  dimethylamidobenzene,  cochineal  and  Congo 
red ;  the  phenol])hthalein  group,  consisting  of  itself  and  turmeric ;  the 
litmus  group,  including  litmus,  rosolic  acid,  and  phenacetolin.  The 
methyl  orange  group  are  most  suscei)til)le  to  alkalies,  the  phen- 
olphthalein to  acids,  and  the  litmus  somewhat  between  the  two. 
This  classification  luus  nothing  to  do  Avith  delicacy  of  reaction,  but 
with  the  special  behaviour  of  the  indicator  under  the  same  circum- 
stances ;  for  instiuice,  saliva,  which  is  generally  neutral  to  litmus 
paper,  is  always  strongly  alkaline  to  lacmoid  or  Congo  red,  and  acid 
to  turmeric  paper.  Fresh  milk  reacts  very  much  in  the  same  way. 
No  absolutely  hard  and  fast  line  can  however  be  drawn. 

Thomson  gives  the  following  table  as  an  epitome  of  the  results 
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obtained  with  indicators,  and  on  wliicli  several  processes  have  been 
l)ased.  Tlio  figures  refer  to  the  number  of  atoms  of  hydrogen 
displaced  by  the  monatomic  metals,  sodium  or  potassium,  in  the 
form  of  hydrates.  Where  a  blank  is  left  it  is  meant  that  the  end- 
reaction  is  obscure.  The  figures  apply  also  to  ammonia,  ex(;ept 
where  phenolphthalein  is  concerned,  and  when  boiling  solutions  are 
used.  Calcic  and  baric  hydrates  also  give  similar  results,  exce])t 
where  insoluble  compounds  are  produced.  T^icmoid  ]iaper  acts  in 
every  respect  like  methyl  orange,  except  that  it  is  not  affected  by 
nitrous  acid  or  its  compounds.  Turmeric  paper  behaves  exactly 
like  phenolphthalein  with  the  mineral  acids  and  also  with  thio- 
sulphuric  and  organic  acids. 


AciiU. 


Name. 


Sulphuric    .  . 

Hydrochloric  . 

Nitric     .     .  . 
Tliiosulphuric. 

Carlxinic     .  . 
Si)li>hurous 
Hydrosuli>huric 
Phosphoric 

xVrsonic  .     .  . 

Arsoiuou>    .  . 

Nitrous  .     .  . 

Sihcic  .  . 

IJoric      .     .  . 

Chniinic      .  . 

Oxalic     .     .  . 

Acetic     .     .  . 

lJutTri<'  .     .  . 

Sucrinic.     .  . 

Lactic     .     .  . 

Tjirtnric .     .  . 

('itri<'      .     .  . 


F.»nnula. 


HCI 
HNO" 

H-SO^ 

IPPO' 
H^AsC 
IFAsO' 
11 NO- 

H''B()3 

H-CrO» 

UC-O' 

IIC-1F()- 

UCni'O- 

HCniHP 
ir-CMPO' 
1PC«I1''0' 


Methyl  Oninjjre. 

Phenolphthalein . 
1    Cold.     Boilin)?. 

Litm 
Cold. 

2 

118. 

Cold. 

Boilhi^i:. 

•> 

1          o 

2 

2 

1 

1 

1 

1 

1 

1 

I 

1 

1 

1 

2 

*> 

1                 4^ 

2 

2 

2 

0 

1  (liluto 

0 

0 

1 

.> 

^ 

— — 

0 

1  dilute 

0 

— 

U 

1 
1 

0 

i2 
2 

-  -  - 

— 

0 

0 

ludleator  dMlruycd 

I 



1 

— 

0 

— 

0 

0 

0 

-  ■- 

1 

2 

2 

— - 

1       2 

2 

•> 

^ 



1       1 

I 

iH'urly 

— . 

—  . 

1 

I 

iK'urly 

1 

2 

2 

nrarlv 

1 

■ 

a 

— 



Allen  (Phanii.  Jour,,  May  11th,  1889)  clearly  points  out  that 
the  a"i<l  which  enters  into  the  com[)osition  of  an  indicator  must  be 
weaker  than  the  aci<l  which  it  is  rcipiired  to  estimate  by  its  niraiis. 
The  aci<l  of  which  methyl  orange  is  a  salt  is  a  tolenihly  str«»ng  one, 
since  it  is  only  completely  displaced  by  the  mineral  acids  ;  the 
organic  aci<ls  are  not  strong  enough  to  overpower  it  completely, 
hence  the  uncertainty  of  the  end-reaction.  The  still  weaker  acids, 
su(;h  as  carbonic,  hydr(»cyanic,  boric,  oleic,  etc.,  do  not  decompose 
the  indicator  at  all,  henc(^  their  salt«  may  be  titrated  by  it,  just  as 
if  the  bases  only  were  ])resont.  On  the  other  hand  the  acid  of 
phenolphthalein  is  extremely  weak,  hence  it«  salts  jire  ejisily 
decomposed  by  the  organic  ami  carbonic  a(!ids.  A  combination  of 
the  two  indicators  is  frequently  of  service  ;  say,  for  instance,  in  a 
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mixture  of  normal  and  acid  sodic  carbonate,  if  first  titrated  witli 
phenolplithalein  and  standard  mineral  acid,  tlie  rose  colour  dis- 
appears exactly  at  the  point  when  the  normal  carbonate  is  saturated, 
the  bicarbonate  can  then  be  found  by  continuing  tlie  oi)eration 
with  methyl  orange.  The  study  of  these  new  indicators  is  still 
imperfect,  and  requires  further  elucidation ;  more  especially  if  we 
take  into  consideration  some  new  a.spects  of  the  question  mentioned 
in  a  [)aper  by  R  T.  Thomson  (/.  S.  C.  I,  xii.  432).  The 
experiments  there  recorded  and  which  are  too  voluminous  to 
produce  here,  are  of  a  very  interesting  character  and  point  to  the 
supposition  that  molecular  condition,  viscosity  of  the  liquid  or 
some  such  influence  was  at  work,  so  as  to  modify  very  considerably 
the  action  of  the  indic^itor.  The  irregularities  occurring  in  the  cases 
mentioned  are  no  doubt  exceptional,  and  need  not  disturb  the  faith 
hitherto  reposed  in  well-known  and  much-used  methods  of  titration. 

The  particular  indicator  whose  erratic  action  was  under 
discussion  was  phenolplithalein  and  it  was  demonstrated,  that  in 
using  this  indicator  in  the  titration  of  boric  acid  with  '^-  soda,  no 
satisfactory  end-reaction  could  be  got  in  a  merely  atjueous  solution, 
but  that  by  the  addition  of  not  less  than  30  per  cent,  of  glycerine 
to  the  mixture,  a  jjcrfectly  correct  determination  could  l3e  made. 
*  Other  substances  such  as  starch,  glucose,  and  cane  sugar  had 
a  similar  effect,  but  not  to  the  same  extent  as  glycerine. 

The  i-esult  of  these  investigations,  is  to  give  a  satisfactory 
method  of  estimating  volumetrically  the  boric  acid  existing  in  its 
natural  compounds,  which  has  hitherto  been  a  much  desired  thing. 

PBEPABATION    OF    THE    NORMAL    ACID    AND    ALKALINE 

SOLUTIONS. 

§  15.  It  is  ipiite  possible  to  carry  out  the  titration  of  acids 
and  alkalies  with  only  one  standard  liquid  of  each  kind ;  but  it 
frequently  hai)pens  that  standard  acids  or  alkalies  are  recpiired 
in  other  processes  of  titration  beside  mere  saturation,  and  it  is 
therefore  advisable  to  have  a  variety. 

Above  all  things  it  is  absolutely  necessary  to  have,  at  least,  one 
standar*!  acid  and  alkali  prepared  with  the  most  scrupulous 
accuracy  to  use  as  foundations  for  all  others. 

I  prefer  sulphuric  acid  for  the  normal  acid  solution,  inasmuch  as 
there  is  no  difficulty  in  getting  the  purest  acid  in  commerce.  The 
normal  acid  made  with  it  is  totally  unaifectcd  by  boiling,  even 
when  of  full  strength,  which  cannot  be  said  of  either  nitric  or 
hydrochloric  acid.  Hydrochloric  acid  is  however  generally  pre- 
ferred by  alkali  makers,  owing  to  its  giving  soluble  compoimds 
with  lime  and  similar  bases.  Nitric  and  oxalic  acids  are  also 
sometimes  convenient. 

Sodic  carbonate,  on  the  other  hand,  is  to  be  jireferred  for  the 
standard   alkali,  because   it   may   readily  be  prepared  in  a  pure 
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state,  or  may  bo  eixsily  made  from  pure  biciirbiHiate  as 
described  further  on.  Dilfereiices  of  opinion  exist  among 
chemists  as  to  the  best  material  to  Imj  used  as  a  stiindanl,  in 
)>reparing  the  various  sohitions  used  in  alkalimetry  and  ac.idimetry. 
Some  give  the  i>reference  U>  borax  with  methyl  orangi*  as  indicator 
for  alkalies.  Others  to  potassie  quadroxalate  for  acids  with 
phenol phthalein  as  indicator.  My  experience  satisfies  me,  that 
althougli  many  of  these  modifications  may  serve*  very  well  as 
controls,  there  is  no  more  reliable  standard  than  pure  sodie 
carlxmate. 

The  chief  difficulty  with  sodic  carbonate  is,  that  with  litmus  as 
indicator,  the  titration  must  be  carried  on  at  a  boiling  heat  in 
order  to  get  rid  of  carbonic  acid,  wliich  hinders  the  pure  blue 
colour  of  the  indicator,  notwithstanding  the  alkali  may  be  in 
great  excess.  This  difhculty  is  now  set  aside  by  the  usi?  ojf  methyl 
orange.  In  case  the  operator  has  not  this  indicator  at  han<l,  litmus 
'  gives  j)orfectly  accurate  n^sult^,  if  the  saturation  is  first  conducted 
by  rapidly  boiling  th<?  licpiid  in  a  thin  flask  for  a  minute  after  each 
addition  of  acid  until  the  i)oint  is  reached  when  one  drop  of  acid 
in  excess  gives  a  pink-red  colour,  which  is  not  altered  by  further 
boiling.  This  is  used  as  a  j)reliminary  test,  but  as  titrations  are 
usually  conduct<Ml  ai  onlinary  tc^mperatures,  the  final  adjustment- 
should  iMi  made  by  adding  in  the  second  trial  a  moderate  excess  of 
the  aciil,  then  boiling  to  get  thoroughly  rid  of  the  CO-,  ra])idly 
cooling  the  licpiid  in  a  closed  flask,  and  titniting  back  with  an 
accurate  standard  alkali.  A  slight  calculation  will  then  give  the 
figures  for  adjustment. 

As  has  been  i)reviously  said,  these  two  stimdards  must  bo  pre- 
pared with  the  utmost  care,  since  upon  their  correct  preparation  and 
preservation  depc-uds  the  verification  of  other  stiindard  solutions. 

It  may,  however,  be  re-mark ed,  that  in  places  of  a  standard  solution 
of  sodic  carbonate,  which  is  of  limited  use  for  general  j»ur])0ses, 
the  pure  anhy<lrous  salt  may  be  used  for  the  rigid  adjustm<'nt  of 
normal  acid.  In  this  case  about  *^  grams  of  pure  Na-(J()"'  or  4  gm. 
of  pure  XalICO"*  are  heated  to  dull  redness  for  ten  minut(»s  in  a 
weiglnMl  platinum  crucil)le,  cc^oled  under  an  exsiccator,  the  exact 
weight  <|uickly  taken,  then  transferred  to  a  flask  by  means  of  a 
funniil,  through  which  it  is  washcil  and  dissolved  with  distilled 
water,  methyl  orange  Jidded,  an<l  the  o])eration  completed  by 
running  the  acid  of  unknown  strength  from  a  burette  divided  into 
^ff  c.c.  into  the  soda  solution  in  small  «[uantities  until  exact 
saturation  occurs.  ^^k 

A  second  trial  should  now  be  made,  but  ^Werably  with 
a  different  weight  of  the  salt.  The  saturation  is  carried  out 
precisely  as  at  first.  The  datii  for  ascertaining  the  exat't  strength 
of  the  acid  solution  by  calculation  are  now  in  hand. 

A  strictly  normal  acid  shoidd  at  16"*  C.  exactly  saturate  sodiv." 
carbonate  in  the  proportion  of  100  c.c.  to  5*3  gm. 


# 


46  VOLUMETRIC  ANALYSIS.  §    15. 

Sup[K)se  that  2*46  gm.  sodic  carbonate  required  41*5  c.c.  of  the 
acid  in  the  first  experiment,  then 

2-46  :  5-3  :  :  41*5  :x  =  89*4  c.c. 

r 

Again:  2*153  gm.  sodic  carbonate  required  36*32  c.c.  of  acid, 
then 

2153  :  5-3  :  :  36*32  :  x  =  89*4  c.c. 

Tlie  acid  may  now  be  adjusted  by  measiyn^g  890  c.c.  into  the 
graduated  liter  cylinder,  adding  4  c.c.  from  the  burette,  or 
-with  a  small  pipette,  and  filling  to  the  liter  mark  with  distilled 
water. 

Finally,  the  strength  of  the  acid  so  prepared  must  be  proved  by 
taking  a  fresh  quantity  of  sodic  carbonate,  or  by  titration  with  a 
strictly  normal  sodic  carbonate  solution  previouvsly  made,  and  using 
not  less  than  50  c.c.  for  the  titration,  so  as  to  avoid  as  much 
as  possible  the  personal  errors  of  measurement  in  small  quantities. 
If  the  measuring  instruments  all  agree,  and  the  ojM^rations  are 
xiU  conducted  with  due  care,  a  dro]>  or  two  in  excess  of  either 
acid  or  alkali  in  50  c.c.  should  sulfice  to  reverse  the  colour  of 
the  indicator. 

In  all  alkalimetric  titrations  it  must  not  be  forgotten  that  some 
glass  vessels  yield  a  notable  quantity  of  alkali  to  boiling  water, 
and  even  more  to  hot  alkaline  solutions.  The  use  of  vessels  made 
•of  Jena  glass  is  therefore  i)referable. 

1.    Normal  Sodic  Carbonate. 

53  gm.  Na^CO^^  per  liter. 

This  solution  is  made  by  quickly  weighing  and  dissolving 
53  gm.  of  pure  sodic  monocarl^onate,  previously  gently  ignited  and 
cooled  under  the  exsiccator  in  hot  distilled  water,  and  when  cooled 
diluting  to  1  liter  at  16"*  C.  Absolutely  pure  sodic  carbonate  is 
difficult  to  find  in  commerce,  and  even  if  otherwise  jmre,  is 
generally  contaminated  with  insoluble  dust  contracted  in  the 
process  of  drying ;  very  pure  bicarbonate  is  not  difficult  to  find, 
but  its  purity  must  be  proved,  the  usual  impurities  are  traces  of 
chlorides,  sulphates,  and  occasionally  thiosulphate  or  sul])liite. 

To  obtain  a  salt  which  shall  be  suitable  for  a  standard,  the  best 
white  bicarbonate  should  be  selected,  and  20  or  30  grams 
dissolved  in  about  half  a  liter  of  hot  water.  If  the  solution  is 
free  from  any  sediment  or  floating  i)articles,  a  portion  is  acidified 
with  pure  nitric  acid  in  a  small  beaker  and  tested  with  silver 
nitrate  for  dfe||ine,  another  jjortion  for  sulphate  with  baric 
chloride  ;  if  ^pRr  of  these  are  ifound  the  salt  is  freed  from  them 
by  packing,  say  half  a  pound,  into  a  clean  funnel,  the  neck  of 
which  is  stopped  with  a  plug  of  cotton  wool.  Cold  distilled  water 
free  from  any  trace  of  chloride  or  sulphate  is  then  poured  on  the 
salt  in  repeated  small  quantities,  and  allowed  to  filter  through 
until   the   testing  shows   the   absence   of  these   impurities.      Of 


r 


t 


§    15.  NOUMAL   SOLUTIONS.  47 

course  this  uKNins  a  waste  of  somo  bicarbonate,  but  as  tlio  salt  is 
not  very  solubh;  in  cold  water  it  is  of  no  conseciuence.  When 
the  impurities  are  found  to  ])e  removed,  tlie  funnel  is  allow<Hl  to 
drain  completely,  the  contents  sj)read  out  on  a  clean  flat  dish  or 
plate,  tied  over  loosely  with  porous  paper,  and  plac<?d  on  the  water 
bath  or  in  some  other  warm  position  to  dry,  finally  put  into 
a  stoppered  bottle  for  conversion  into  monocar]K)nate  as  reipiired. 

If  on  the  other  hand  the  8iimi)l(5  has  not  dissolved  ([uite  clear, 
another  method  must  be  adoj)ted  by  making'  a  saturatcfd  solution 
of  the  salt  in  boiling  distilled  water,  filtering  at  onco  through 
paper  in  a  heated  fuiniel  int<.>  a  ch^an  jiorcelain  dish  and  k(»ei)ing 
the  solution  stirred  until  quite  cold ;  by  this  means  a  pure  salt 
deiK)sits  in  a  granidar  stjite  which,  after  pouring  off  the  superfluous 
li(}ui(l,  may  b(^  dried  and  kcj)t  for  us(^  as  before  descri]>ed.  In 
using  this  salt  for  the  standard  tlu?  ])rocedure  is  as  follows  :  — 

Al)Out  ^^5  gm.  is  heated  t^)  dull  redness  (not  to  fusion)  in  a 
platinum  cruei])le,  for  fully  ten  minutes,  stirring  it  occasionally 
with  a  platinum  wire,  then  placed  under  an  exsiccator  to  cool ; 
when  placed  uj)on  the  ])ahince  it  will  be  found  that  very  little 
more  than  53  gm.  remains.  The  excess  is  removed  as  quickly  as 
])ossible,  ami  the  oontt^nts  of  the  crucible  washed  into  a  ])eaker 
with  hot  distille<l  water;  when  the  salt  is  dissolved  the  solution  is 
cooled  to  a  ])roper  t(;mj)erature,  decanted  into  a  liter  flask  and 
filled  up  U^  tlie  mark  with  distilletl  water  at  IG'  C.  If  cold 
water  is  used  a  hard  cake  is  ])roduce«l  which  <lissolves  v(*rv  slowlv. 

2.    Normal  Potastio   Carbonate. 
G9gm.  K-CO"^  per  liter. 

This  solution  is  sometimes,  though  rarely,  j>referab!e  to  the  so<la 
salt,  and  is  of  service  for  the  estimation  of  combined  acids  in  ccrtjiin 
<:a.ses,  where,  by  boiling  the  compound  with  this  agent,  an  inter- 
change of  acid  and  base  occurs. 

It  cannot  Ix;  pn^jiared  by  direct  weighing  of  the  i)otiissic  carbonate, 
and  is  therefore  Ixjst  estdjlislied  by  titrating  a  soluti«>n  of  unknown 
strength  with  strictly  normal  acid. 

3.     Normal  Sulphuric   Acid. 
•19  gm.  ir-SO^  per  liter. 

Aluiut  .**0  c.c.  of  pure  sulphuric  acid  of  sp.  gr.  1*840,  or  there- 
about'»,  are  mixed  with  three  or  f(mr  times  the  volume  of  di.stille<l 
water  and  allowed  to  cool,  then  put  into  the  graduated  cylinder  ami 
diluted  up  to  the  liter  at  the  proper  U»mperature.  The  solution 
may  now  be  titrated  by  strictly  normal  alkali,  or  with  sodic 
carbonate. 

25  c.c.  of  the  s<dution,  dilut<^d  t<i  250  c.c,  may  be  con- 
trollcMl  by  ju'ecipitation  with  baric  chlori<le  at  a  boiling  heat, 
in  which  case  100  c.c  should  produce  as  much  baric  sulphate  as  is 
equal  to  49  gm.  i)er  liter. 
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In  using  this  control  it  is  best  to  make  two  determinations,  and 
preferably  with  different  quantities  of  the  acid,  the  mean  is  then 
taken  for  basis  of  calculation. 

4.     Normal  Oaialio  Acid. 
G3  gm.  C-0^H-',2H-^0,  or  45  gm.  C-^0^H2  pp^.  ijter. 

This  solution  cannot  very  well  be  established  by  direct  weighing, 
owing  to  inicertain  hydration ;  hence  it  nnist  bo  titrated  by  normal 
alkali  of  known  accuracy. 

The  solution  is  apt  to  deposit  some  of  the  acid  at  low  tempera- 
tures, l)ut  keeps  well  if  preserved  from  direct  sunlight,  and  will 
bear  heating  without  volatilizing  the  acid.  Very  dilute  solutions 
of  oxalic  acid  are  very  unstable ;  therefore,  if  a  decinormal  or 
centinormal  solution  is  at  any  time  fequir(;d,  it  should  be  made 
when  wanted. 

5.    Normal  Hydrochloric  Acid. 
36*37  gm.  HCl  per  liter. 

It  has  been  shown  by  Roscoe  and  Dittmar  {J.  C.  S.  xii.  128, 
1860)  that  a  solution  of  hydrochloric  acid  containing  20*2  per  cent, 
of  the  gas  when  boiled  at  about  760  m.m.  ]»ressure,  loses  acid  and 
waU^r  in  the  same  proportion,  and  the  residue  will  therefore 
have  the  coiLstant  composition  of  20*2  per  cent.,  or  a  specific 
gravity  of  1"10.  About  181  gm.  of  acid  of  tliis  gravity,  diluted 
to  one  liter,  serves  very  w(!ll  to  form  an  approximate  normal 
acid. 

The  actual  strength  may  ^be  determined  by  precipitation  with 
silver  nitrate,  or  by  titration  with  an  exactly  weighed  quantity  of 
l)ure  sodic  monocarbonate.  Hydroddoric  acid  is  useful  on  account 
of  its  forming  soluble  compounds  with  the  alkaline  earths,  but  it  has 
the  disadvantage  of  volatilizing  at  a  boiling  heat.  Dittmar  says 
that  this  may  be  ]>revented  by  adding  a  few  grams  of  sodic  sulphate. 
In  many  ciises  this  would  lie  inadmissible,  for  the  same  reason  that 
sulphuric  acid  cannot  be  used.  The  hydrochloric  acid  from  wdiich 
standard  solutions  are  made  must  be  free  from  chlorine  gas  or 
meUdlic  chlorides,  and  should  leave  no  residue  when  evaporated  in 
a  2)latinum  vessel. 

6.     Normal    Nitric    Acid. 
63  gm.  II NO^  per  liter. 

A  rigidly  exact  normal  acid  should  be  established  by  sodic 
carbonate,  as  in  the  case  of  normal  sulphuric  and  hydrochloric  acids. 

Tlie  nitric  acid  used  should  be  colourless,  free  from  chlorine 
and  nitrous  acid,  sp.  gi*.  about  1*3.  If  coloured  from  the 
presence  of  nitrous  or  hyponitrous  acids,  it  should  be  mixed  ^yith. 
two  volumes  of  water,  and  boiled  until  white.  AVhen  cold  it  may 
be  diluted  and  titrated  as  previously  described  for  sulphuric  acid. 
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7.    Normal  Caustlo  Soda  or  Potaah. 
40  gni.  NallO  or  56  grn.  KIIO  per  liter. 

Pure  caustic  scxla  made  from  metallic  sodium  may  now  be  readily 
obtained  in  commerce,  and  hence  it  is  easy  to  j)repare  a  standard 
solution  of  exceeding  purity,  by  simply  dissolving  the  substance  in 
distilled  water  till  of  about  1*05  sp.  gr.,  or  about  50  gm.  to  the 
liter,  roughly  estimating  its  strength  by  normal  acid  and  methyl 
orange  or  litmus,  then  finally  adjusting  the  exact  strength  by 
titrating  50  c.c.  with  normal  acid. 

However  pure  caustic  soila  or  jM^tash  may  otherwise  be,  they  are 
both  in  danger  of  absorlnng  <.arbonic  acid,  and  hence  in  using 
litmus  the  titration  must  be  <;onducted  with  boiling.  Methyl 
orange  i)ermits  the  use  of  these  solutions  at  orduiary  temperature 
notwithstanding  the  presence  of  C( )-. 

Soda  and  i)otash  may  both  be  obtained  in  commerce  sufficiently 
pure  for  all  ordinary  titmtion  purposes,  but  in  case  they  are  not  at 
hand  the  re<[uisite  solutions  may  be  prepared  as  follows : — 

Two  parts  of  pure  sodi(;  or  i)oti\8sic  (carbonate  are  to  be  dissolved 
in  twenty  parts  of  distilled  water,  an<l  boiled  in  a  clean  iron  \K)t ; 
during  the  boiling,  one  j)art  of  fresh  quick-lime,  made  into  a  cream 
with  water,  is  to  be  added  little  by  little,  and  the  whole  boiled  until 
i\\l  the  carlxmic  acid  is  removed,  which  may  bo  known  by  the  clear 
.solution  producing  no  efifervescence  on  the  addition  of  dihite  acid  ; 
the  vessel  is  covered  closely  and  set  aside  to  cool  and  settle  ;  when 
4'old,  the  clear  supernatant  liquid  should  be  poured  or  drawn  off 
mid  titrated  by  normal  acid,  and  ma<le  of  the  proper  strength 
iis  directed  for  sulphuric  acid. 

8oda  or  potash  solutions  may  be  fr(^e<l  from  tractes  of  chlorine, 
sulphuric,  silicic,  and  carbonic  acids,  by  shaking  with  Mi  lion's 
base,  trimercur-ammonium  (C  N.  xlii.  8).  Carbonic  acid  may  bo 
removed  by  the  cautious  addition  of  baric  hyilrate  in  solution, 
shaking  well,  and  then  after  settling  clear  ascertaining  the  exact 
strength  ^vith  correct  standard  acid. 

In  preparing  tliese  alkaline  solutions,  they  should  be  exjiosed  as 
little  as  i)ossible  to  the  air,  and  when  the  strength  is  linally  S(;ttled, 
should  l)e  j)reserved  in  the  bottle  shown  in  fig.  24,  or  in  full  botth?s 
having  their  glass  stoj>pers  slightly  greased  with  vaseline. 


8.    Seml-norxnal  Ammonia. 
J^*5  gm.  Nil-'  i)er  liter. 

For  some  years  jiast  I  have  used  this  strength  of  standard 
ammonia  for  saturation  analyses,  and  have  b<Min  fully  satisfied  with 
its  behaviour ;  it  is  cleanly,  does  not  readily  absorb  carbonic  acid, 
holds  its  strength  well  for  two  or  three  months  when  kept  in  a  cool 
place  and  well  8to[)pered  ;  and  can  at  any  time  l)e  [>repared  in  a  few 
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minutes,  by  simply  diluting  strong  solution  of  ammonia  with  fresli 
distilled  water. 

A  normal  solution  cannot  be  used  with  safety,  owing  to  evai)()ra- 
tion  of  tlio  gas  at  ordinary  temperatures. 

It  is  necessary  to  add  that,  even  in  the  case  of  ^  strength, 
the  solution  should  be  titrated  from  time  to  time  against  coiTect 
nonnal  acid,  -^j^  ammonia  keei^s  its  strength  for  a  long  time 
in  well-closed  bottles. 

9.    Decinorxnal  Caustic    Baryta. 

The  solution  of  caustic  baryta  is  best  made?  from  the  crystallized 
hydrate,  apjjroximately  of  ^^J^  strength.  This  is  best  done  by 
shaking  up  in  a  stoppered  bottle  powdered  crystals  of  baric 
hydrate  with  distilled  water,  and  allowing  it  to  stand  a  day  or 
two  imtil  <|uite  clear ;  there  should  be  an  excess  of  the  hydrate, 
in  which  case  the  clear  solution,  when  poured  off  into  a  stock 
bottle  fitted  with  CO-  tube,  will  b(^  nearly  twice  the  required 
strength.  It  is  better  to  dilute  still  further  (after  taking  its 
approximate  titre  with  j^  HCl  and  phenolphthalein)  with  freshly 
boiled  and  cooled  distilled  water;  the  actual  working  strength 
may  be  checked  by  evaporating  20  or  25  c.c.  to  dryness  with 
a  slight  excess  of  sulphuric  acid,  then  igniting  over  a  Bun  sen 
flame  and  weighing  the  IkSO*.  The  corresponding  acid  may  be 
either  ^^^  oxalic,  nitric,  or  hydrochloric,  and  the  proper  indicator 
is  phenolphtlialein.  Oxalic  acid  is  recommended  by  Pettenkofcr 
for  carbonic  acid  estimation,  ])ecause  it  has  no  effect  upon  the 
baric  carbonate  suspended  in  weak  solutions ;  but  there  is  tho 
serious  drawback  in  oxalic  acid,  that  in  dilute  solution  it  is  lial)le 
to  rtijnd  decomposition  ;  and  as  in  my  experience  {^q  hydrochloric^ 
acid  in  very  dilute  mixtures  has  no  effect  upon  the  suspended 
baric  carbonate,  it  is  preferable  to  use  this  acid. 

The  baiyta  solution  is  subject  to  constant  change  by  absorption 
of  carbonic  acid,  but  this  may  be  prevented  to  a  great  extent  ])y 
preserving  it  in  the  bottle  shown  in  Hg.  24.  A  thin  layer  of  light 
petroleum  oil  on  the  surface  of  the  li<[uid  preserves  the  baryta  at 
one  strength  for  a  long  period  in  the  bottle  shown  in  lig.  25. 

The  reaction  between  baryta  and  yellow  turmeric  paper  is  very 
delicate,  so  that  the  merest  trace  of  baryta  in  excess  gives  a  decided 
brown  tinge  to  the  edge  of  the  spot  made  by  a  glass  rod  on  tho 
turmeric  jjaper.  If  the  suljstance  to  be  titrated  is  not  too  highly 
coloured,  phenolphthalein  shoidd  invariably  be  used. 

10.    Normal  Axnxnonio-Cupric  Solution  for  Acetic  Acid  and  f^e 
Acids  and  Bases  in  Earthy  and  Metallic  Solutions. 

This  acidimetric  solution  is  prepared  by  dissolving  pure  cupric 
sulphate  in  warm  water,  and  adding  to  the  clear  solution  liquid 
ammonia,  until  the  bluish-green  precipitate  which  first  a^^pears  is. 
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nearly  dissolve*!;  the  solution  is  then  filtored  into  the  graduated 
cylinder,  and  titrated  hy  allowing  it  to  liow  from  a  pipette  graduated 
in  I  or  ^(Y  c.c.  into  10  or  20  c.c.  of  normal  sulphuric  or  nitric  acid 
(not  oxalic).  While  the  acid  remains  in  excess,  the  l)luish-green 
precipitate  which  occurs  as  the  ilrop  falls  into  the  acid  rapidly 
disappears ;  but  so  soon  as  the  exact  jK)int  of  saturation  occurs,  the 
previously  clear  solution  is  rendtirod  turbid  by  the  precipitate 
remaining  insoluble  in  the  neutral  liquid. 

The  process  is  especially  serviceable  for  the  estimation  of  the  free 
acid  existing  in  certain  metidlic  sohitions,  i.e.  mother-liquors,  etc., 
where  the  neutral  conqniumls  of  sncli  metids  have  an  ac^id  reaction 
on  litmus — sucli  as  the  oxides  of  zinc,,  copp(?r,  and  magnesia,  and 
the  protoxides  of  iron,  manganese,  cobalt,  and  nickel ;  it  is  also 
applicable  to  acetic  and  tlu;  mineral  acids. 

If  cupric  nitnite  be  used  f<3r  preparing  the  solution  instead  of 
sulphate,  the  presentee  of  barium,  or  strontium,  or  metjils  precipital>le 
by  sul|)liuric  acid  is  of  no  conse(iuence.  The  solutiim  is  stand- 
artlizecl  by  normal  nitric  or  sulphuric  acid ;  and  as  it  slightly  alters 
by  keeping,  a  coefficient  must  be  found  from  time  to  time  by 
titrating  with  normal  acid,  l)y  which  to  calcuhito  tlie  results 
systematically.  ()xi»les  or  carbonat(?s  of  m;ig!iesia,  zinc,  or  other 
admissible  metals,  are  dissolved  in  exc(?ss  of  normal  nitric  acid, 
and  titrated  residually  with  the  copper  solution. 

Eramph :  1  ^iii.  of  pure  zinc  oxido  was  dissolvwl  in  27  c.c.  of  normal 
acid,  and  2*1^  «*.o.  of  normal  copper  solution  roipiired  to  ]»roduoo  tho 
procipitato=21-7  <'.c.  of  acid;  this  multiplied  by  O'O405,  the  coofUcient 
for  zinc  oxide,-  ICOO  gm. 

ESTIMATION  OF  THE  COBBECT  STRENGTH  OF  STANDARD 
S0LT7TI0NS  NOT  8TRICTLT  NORMAL  OB  STSTEMATIO. 

§  16.  In  discussing  the  preparation  of  the  foregoing  stjindard 
solutions,  it  has  been  assumed  that  th(!y  shall  be  strictly  and 
absolutely  cornM't ;  that  is  Uy  say,  if  the  s^ime  meivsurc  be  filled 
first  with  any  alkaline  solution,  then  with  an  acid  solution,  and  the 
two  mixed  together,  a  j)erfectly  neutral  solution  shall  result,  so  that 
a  droj)  or  two  either  way  will  ups(!t  the  equilibrium. 

Where  it  is  j>ossible  to  weigh  directly  a  i)ure  dry  substjince,  this 
approximation  may  Ik»-  very  closely  reached.  So<lic  monocarbonat^!, 
for  instjun'e,  admits  of  being  thus  accurately  weighed.  ( )n  thci 
other  hand,  the  caustic  alkalies  cannot  be  so  weighed,  nor  (.an 
the  liquid  acids.  An  approximate  (fuantity,  then'fon*,  of  t}>(»so 
substances  must  be  tjiken,  ami  the  exact  p(jwer  of  the  soluti(m 
found  by  experiment. 

In  titrathig  such  solutions  it  is  exceedingly  ditHcult  to  make  them 
80  exact  in  strength,  that  the  precise  quantity,  to  a  drt)p  or  two, 
shall  neutralize  each  other.  In  technical  matters  a  near  ai)proxima- 
tion  may  be  sufficient,  but  in  scientific  investigations  it  is  of  tho 
greatest  importance  that  the  utmost  accuracy  should  be  obtiiined ; 
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it  is  therefore  advisable  to  ascertain  the  actual  difference,  and  to 
mark  it  upon  the  vessels  in  which  tlie  solutions  are  kept,  so  that 
a  slight  calculation  will  give  the  exact  result. 

SupiX)se,  for  instance,  that  a  standard  sulphuric  acid  is  prepared, 
which  does  not  rigidly  agree  with  the  normal  sodic  carbonate  (not 
at  all  an  uncommon  occurrence,  as  it  is  exceedingly  difficult  to  hit 
the  precise  point) ;  in  order  to  find  out  the  exact  difference  it  must 
be  carefully  titrated  as  in  §  15.  Suppose  the  weight  of  sodic 
carbonate  to  be  1*9  gm.,  it  is  then  dissolved  and  titrated  with  the 
standard  acid,  of  which  36*1  c.c.  are  rc<[uired  to  reach  the  exact 
neutral  point. 

If  the  acid  were  rigidly  exact  it  should  rccjuire  35  85  c.c. ;  in 
order,  therefore,  to  find  the  factor  necessary  to  bring  the  quantity 
of  acid  used  in  the  analysis  to  an  eciuivalent  quantity  of  normal 
strength,  the  number  of  c.c.  actually  used  must  be  taken  as  the 
denominator,  and  the  number  which  should  have  been  used,  had 
the  acid  been  strictly  normal,  as  the  numerator,  thus — 

36^-1"  "^^'^^^^ 

0*993  is  therefore  the  factor  by  which  it  is  necessary  to  multiply 
the  number  of  c.c.  of  that  parti cidar  acid  used  in  any  analysis 
in  order  to  reduce  it  to  normal  strength,  and  should  be  marked 
\ipon  the  bottle  in  w^hich  it  is  kept. 

On  the  other  hand,  suppose  that  the  acid  is  too  strong,  and  that 
35*2  c.c.  were  required  instead  of  35*85, 

35-85     ,^,^, 
35:2- =  10184; 

1*0184  is  therefore  the  factor  by  which  it  is  necessar}"^  to  nudtiply 
the  number  of  c.c.  of  that  particular  acid  in  order  to  bring  it  to 
the  normal  strength.  This  plan  is  much  better  than  dodging  about 
with  additions  of  water  or  acid. 

Uniler  all  circumstances  it  is  safer  to  prove  the  strength  of  any 
standard  solution  by  experiment,  even  though  its  constituent  has 
been  accurately  weighed  in  the  dry  and  pure  state. 

Further,  let  us  suppose  that  a  solution  of  caustic  soda  is  to  be 
made  by  means  of  lime  as  described  previously.  After  pouring  off 
the  clear  liquid,  water  is  added  to  the  sediment  to  extract  more 
alkaline  solution  ;  by  this  means  we  may  obtain  two  solutions,  one 
of  which  is  stronger  than  necessary,  and  the  other  weaker.  Instead 
of  mixing  them  in  various  proportions  and  repeatedly  trying  the 
strength,  we  may  find,  by  two  experiments  and  a  calculatidh, 
the  pro^xDrtions  of  each  necessary  to  give  a  normal  solution,  thus  :— 

The  exact  actual  strength  of  each  solution  is  first  found,  by 
separately  running  into  10  c.c.  of  normal  acid  as  much  of  each 
alkaline  solution  as  will  exactly  neutralize  it.  We  have,  then,  in 
the  case  of  the  stronger  solution,  a  number  of  c.c.  required  less 
ihan  10.     Let  us  call  this  number  V. 
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In  the  weaker  solution  the  number  of  c.o.  is  greater  than  10, 
representeil  by  r.     A  volume  of   the  stronger  solution  =  w  will 
saturate  10  c.c.  of  normal  acid  as  often  as  V  is  contained  in  x, 
'  A  volume  of  the  weaker  solution  =  y  will,  in  like  manner,  saturate 

10    '/  '  ,         .,       V   .,     .    \i  ,        ,      10    r        10   //, 

^  C.C.  of  nonnal  acid:   both  together  satunitc?  -\j-    + — 

and  the  volume  of  the  Siiturated  acid  is  j)recisely  that  of  the  tw(i 

liquids,  thus —  ^^k  ia 

*        '  10  r       10  V 

-y-  +  "7=  •'•  +  ^^' 

Whence  j^  ^,  ^  ^  ^^  y  ^^  =  V  ,.  ^  +  y  ,.  ,j 

rx{\0  -Y)  -  y  i/(v  -  10).  * 
And  lastly,  ^.  ^  ^  ^^^^  j^^^ 

//  -  r{10'-  V) 

An  examjile  will  render  this  dear.  A  solution  of  caustic  so<la 
was  taken,  of  which  5*8  c.c.  were  reijuired  to  saturate*  10  c.c.  normal 
jicid  ;  of  another  solution,  12*7  c.c.  were  recjuired.  The  volumes  of 
each  necessary  to  form  a  normal  sohition  were  found  as  follows  :-- 

5-8  (12-7 -10)  =  15-06 
12-7  (10   -5-8)  =  53-34 

Therefore,  if  the  solutions  are  nn'xed  in  the  proportion  of  15-GG 
c.c.  of  the  stronger  with  53-34  <?.c.  of  the  weaker,  a  corre(;t  solution 
ought  to  result.  The  same  principle  of  adjustment  is,  of  c«nii'se, 
apjilicable  to  standard  solutions  of  every  class. 

Again :  supiM)se  that  a  standard  solution  of  suli)huric  aci<l  ha.< 
been  made,  approximating  as  nearly  tis  possible^  to  the  normal 
strength,  and  its  exact  value  found  by  precijjitation  with  baric 
chloride,  or  a  standard  hydrochloric;  acid  with  silver  nitrate,  and 
such  a  solution  has  been  calculated  to  require  the  coefHcricnt  0*995 
to  convert  it  to  normal  strength,-  by  the  help  of  this  solution, 
though  not  strictly  normal,  we  may  titrate  an  approximately  normal 
alkaline  soluti«m  thus : — Two  trials  of  the  acid  and  alkaline  solu- 
tions show  that  50  c.c.  alkali  =  48*5  c.c.  acid,  having  a  coeflicient 
of  0*995  —  48*25  v.c.  normal  ;  then,  acconling  t()  the  ecpiation, 
X  50 :-  48*25  is  the  recpiired  coefficient  for  the  alkali. 

-— r-  =  0-96o. 
oO 

And  here,  in  the  case  of  the  alkaline  solution  being  sodic  carbonate, 
we  can  bring  it  to  exact  nonnal  strength  by  a  wilculation  based  on 
the  equivalent  weight  of  the  salt,  thus — 

1   :  0*965  :  :  53  :  51*145. 

The  difference  between  the  two  latter  numbers  is  1*855  gm.,  ami 
this  weight  of  pure  sodic  carbcmate,  adde<l  to  one  liter  of  the 
solution,  will  bring  it  to  normal  strength. 


54 


VOLUMETKIC  ANALYSIS. 


§  16. 


TABLE    FOB    THE   S7STEMATI0  AKALTSIS   OF 

ALKALINE    EABTHS    AND    ACIDS. 


Substauco. 


Soda 

Sodic  Hydrate  .  . 
Sodic  Carbonate  .  . 
Sodic  Bicarbouate     . 

Potash 

Potassic  Hydrate .  . 
Potassic  Carbonate  . 
Potassic  Bicarbonate 

Ammonia  .  .  .  . 
Ammonic  .Carbonate 

Lime  (Calcic  Oxide) 
Calcic  Hydrate     . 
Calcic  Carbonate  . 

Baric  Hvdrat« 

Do.  (Crystals)  . 
Baric  Carbonate   . 

Strontia  .... 
Strontic  Carbonate 

Magnesia     .    .    . 
Magnesic  Carbonate 

Nitric  Acid .  .  . 
Hydrochloric  Acid 
Salphuric  Acid 
Oxalic  Acid 
Acetic  Acid 
Tartaric  Acid 
Citric  Acid  . 
Carbonic  Acid 


Formula. 


Na^O 

NaHO 

Na-CO' 

NaHCO^ 

K^O 

KHO 

K^CO^ 

KHC03 

NH3 

CaO. 

CaH202 

CaC03 

BaH^O^ 

BaO-^H2(H-0)» 

BaC03 

SrO 
SrC03 

MgO 
MgC03 

HN03 

HCl 

H^SO* 

C20-H* 

C^O«H« 

C«0"H8  +  H20 

CO^ 


Atomic 
Weight. 


62 

40 

106 

84 

94 

56 
138 
100 

17 
96 

56 

74 

100 

171 
315 
197 

lOS'o 
147-5 

40 

84 

63 

36-37 

98 
126 

60 
150 
210 

44 


Quantity  to  be 
we^hed  so  that  1 
c.c.  Normal  Solu- 
tion=l  i)er  cent. 

of  substance. 


3*1  gm. 
4*0  gm. 
53  gm. 

8*4  gm. 

47  gm. 

56  gm. 

6-9  gm. 

100  gm. 

1-7  gm. 
4*8  gm. 

28  gm. 
3-7  gm. 
50  gm. 

855  gm. 

15-75  gm. 

985  gm. 

5175  gm. 
7375  gm. 

200  gm. 
4-20  gm. 

6*3  gm. 
3*637  gm. 
49  gm. 
6*3  gm. 
6*0  gm. 
7*5  gm. 
7'0  gm. 


Normal 
Factor.* 


0*031 
0040 
0053 
0084 

0047 
0-056 
0069 
0*100 

0-017 
0*048 

0028 
0*037 
0*050 

00855 
01575 
00985 

005175 
007375 

0020 
0*042 

0063 

008637 

0049 

0063 

0060 

0075 

0070 

0*022 


*  This  is  the  coefficient  by  which  the  number  of  c.c.  of  normal  solution  used  in 
any  analysis  is  to  be  multiplied,  in  order  to  obtain  the  amount  of  pure  substance 
present  in  the  material  examined. 

If  grain  weights  are  used  instead  of  grams,  the  decimal  point  must  be  moved 
one  place  to  the  right  to  give  the  necessary  weight  for  examination;  thus  sodic 
carbonate,  instead  of  5*3  gm.,  would  be  53  grains,  the  normal  factor  in  this  case  would 
also  be  altered  to  0*53. 
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THE    TITRATION    OF    ALKALINE    SALTS. 
1.    Total  Alkali  in  Caustic  Soda  or  Potash}  or  their  Carbonates. 

§  17.  The  necessary  quantity  of  suhstance  being  weiglied  or 
measured,  as  the  case  may  be,  and  mixed  with  distilled  water  to  a 
proper  state  of  dihition  (say  about  one  ])er  cent,  of  solid  material), 
an  appropriate  indicator  is  added,  and  the  solution  is  ready  for  the 
burette.  Normal  acid  is  then  cautiously  added  from  a  burette 
till  the  change  of  colour  occur.  In  the  case  of  caustic  alkalies 
free  from  CO-,  the  end-reaction  is  very  sharp  with  any  of  the 
indicators ;  but  if  CO-  is  present,  the  only  available  indicators  in 
the  cold  are  methyl  orange  or  lacnioid  paj^er.  If  the  other  indica- 
tors are  used,  the  CO*^  must  be  boiled  off  after  each  addition  of  acid. 

In  examining  carbonates  of  potash  or  soila,  or  mixtures  of  caustic 
and  car])onate,  where  it  is  only  nec(»s8ary  to  aswirtain  the  total 
alkalinity,  the  same  method  applies. 

In  the  examinations  of  samples  of  commercial  refined  soda  or 
potash  salts,  it  is  advisable  to  proceed  as  follows : — 

Powder  and  mix  the  Haniplo  thoroughly,  wei^h  10  ^m.  in  a  platinum  or 
porcelain  crucible,  and  ignite  ^(cntl}'  over  a  spirit  or  gas  lamp,  and  allow  the 
crucible  to  cool  under  the  cxsincator.  Wei^'h  again,  the  1ok8  of  weight  gives 
the  moisture ;  wash  the  ront'Onto  of  the  crucible  into  a  boakcr,  diswlve  and 
filter  if  necessary,  and  dilute  to  the  exact  measure  of  500  c.c.  with  distillc<l 
water  in  a  half-liter  flask  ;  after  mixing  it  thoroughly  take  out  50  c.c.  =  1  >cm. 
of  alkali  with  a  pipette,  and  empty  it  into  a  small  flask,  brin^  the  fliisk  under 
a  burette  containing  normal  acid  and  ^raduatod  to  ^  or  iV  tJ.c,  allow  the  acid 
to  flow  cautiously  as  before  directed,  until  the  neutral  point  is  reached :  the 
process  may  then  bo  re]>eate<l  sevenil  times  if  necessary,  in  order  to  be  certain 
of  the  correctness  of  the  aniilysis. 

Retidual  Titration:  As  the  presence  of  carbonic  acid  with  litmus  and  the 
other  indicators,  except  methyl  orange,  always  tends  to  confuse  the  exact  end 
of  the  process,  the  difliculty  is  best  overcome,  in  the  cat*e  of  not  usin^  methyl 
orange,  by  allowing;  an  excess  of  acid  to  flow  into  the  alkali,  boiling  to  expel 
the  CO',  and  then  cautiously  adding  normal  caustic  alkali,  drop  by  drop, 
until  the  liquid  suddenly  changes  colour;  b}*^  deducting?  the  quantity  of 
caustic  alkali  from  the  (juantity  of  acid  originally  used,  the  exact  volume  of 
acid  necessary  to  saturate  the  1  gm.  of  .alkali  is  ascertained. 

This  methotl  of  re-titration  gives  a  very  sharj)  end-reaction,  as 
there  is  no  carbonic  acid  present  to  interfere  with  the  delicacy  of 
the  indicator.  It  is  a  procedure  sometimes  necessary  in  other  cases, 
owing  to  the  interference  of  impurities  dissipated  by  Iwiling,  pjj. 
sulphuretted  hydrogen,  which  would  otherwise  bleach  the  indicator, 
except  in  the  case  of  methyl  orange  and  lacmoid  pai>er,  either  of 
which  are  indifferent  to  H-S  in  the  cold.  An  exami»le  will  make 
the  plan  clear : — 

Example :  50  c.c.  of  the  solution  of  alkali  prepared  as  directed,  equal  to 
1  gm.  of  the  sample,  is  put  into  a  flask,  and  20  c.c.  of  normal  acid  allowed  to 
flow  into  it ;  it  is  then  boiled  and  shaken  till  all  CO-  is  expelled,  and  normal 
<*austic  alkali  added  till  the  neutral  jwint  is  reached ;  the  quantity  required 
is  34 o.c,  which  deducted  from  20  c.c. of  acid  leaves  16-6  c.c.    The  following 
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calculation,  therefore,  gives  the  percentajare  of  real  alkali,  supposing  it  to 
be  soda :— 31  is  the  half  molecular  weight  of  anhydrous  soda  (Na-0)  and  1  c.c. 
of  the  a^^id  is  equal  to  0031  gm.,  therefore  16'6  c.c.  is  multiplied  by  0*031, 
which  gives  0  514(5 ;  and  as  1  gm.  was  taken,  the  decimal  ]>oint  is  moved 
two  places  to  the  right,  which  gives  5146  per  cent,  of  real  alkali ;  if  calculated 
as  carbonate,  the  16'6  would  be  multiplied  by  0053,  which  gives  08798  gm. 
=  87*98  per  cent. 


2.    Mixed   CauBtic  and  Carbonated  Alkaline  Salts. 

The  alkaline  salts  of  commerce,  and  also  alkaline  lyes  used  in 
soap,  paper,  starch,  and  other  manufactories,  consist  often  of  a 
mixture  of  caustic  and  carbonated  alkali.  If  it  be  desired  to 
ascertain  the  proportion  in  which  these  mixtures  occur,  the  total 
alkaline  power  of  a  weighed  or  measured  quantity  of  substance  (not 
exceeding  1  or  2  gm.)  is  ascertained  by  normal  acid  and  noted;  a 
like  quantity  i3  then  dissolved  in  about  150  c.c.  of  water  in  a 
200  c.c.  flask,  and  exactly  enough  solution  of  baric  chloride  added 
to  remove  all  carbonic  acid  from  the  soda  or  potash. 

Watson  Smith  has  shown  (J.  S.  C.  L  i.  85)  that  whenever  an 
excess  of  baric  chloride  is  used  in  this  precipitation  so  as  to  form 
baric  hydrate,  there  is  an  invariable  loss  of  soda :  exact  precipita- 
tion is  the  only  way  to  secure  accuracy. 

The  flask  is  now  filled  up  to  the  200  c.c.  mark  with  distilled 
water,  securely  stoppered,  and  put  aside  to  settle.  When  the 
supernatant  liquid  is  clear,  take  out  50  c.c.  with  a  pipette,  and 
titrate  with  normal  hydrochloric  acid  to  the  neutral  point.  The 
number  of  c.c.  multiplied  by  4  will  be  the  quantity  of  acid  required 
for  the  caustic  alkali  in  the  original  weight  of  substance,  because 
only  one-fourth  was  taken  for  analysis.  The  difference  is  calculated 
as  carbonate,  or  the  precipitated  baric  carbonate  may  be  thrown 
upon  a  dry  filter,  washed  well  and  quickly  with  boiling  water,  and 
titrated  with  normal  acid,  instead  of  the  original  analysis  for  tho 
total  alkalinity ;  or  both  plans  may  be  adopted  as  a  check  upon 
each  other. 

The  principle  of  this  method  is,  that  when  baric  chloride  is  added 
to  a  mixture  of  caustic  and  carbonated  alkali,  the  carbonic  acid  of 
the  latter  is  precipitated  as  an  equivalent  of  baric  carbonate,  while 
the  equivalent  proportion  of  caustic  alkali  remains  in  solution  as 
baric  hydrate.  By  multiplying  the  number  of  c.c.  of  acid  required 
to  saturate  this  free  alkali  with  the  ^ihru  atomic  weight  of  caustic 
potash  or  soda,  according  to  the  alkali  present,  the  quantity  of 
substance  originally  i)resent  in  this  state  will  be  ascertained. 

As  caustic  baryta  absorbs  CO-  very  readily  when  exposed  to  the 
atmosphere,  it  is  preferable  to  allow  the  preci[)itate  of  baric 
carbonate  to  settle  in  the  flask  as  here  described,  rather  than  ta 
filter  the  solution  as  recommended  by  some  operators,  especially 
also  as  the  filter  obstinately  retains  some  baric  hydrate. 

A   very  slight   error,   however,    occurs   in   all   such   caseSj   iix 
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consequence  of  the  volume  of  the  precipitate  bcin<;  included  in 
the  measured  liquid. 

R.  Williams  (J.  S,  C.  I.  vi.  34G)  estimates  the  caustic  soda  in 
scxla  ash  by  digesting  a  weighed  quantity  in  strong  alcohol  in  a 
tightly  stopjiered  Hask  with  frequent  shaking  and  finally  allowing 
to  stand  overnight ;  the  undissolved  carbonate  is  filtered  ott', 
Wiished  with  alcohol  until  a  drop  gives  no  alkaline  reaction — 
the  filtrate  and  washings  are  then  titrated  with  normal  acid  and 
phenolphthalein. 

Peter  Hart  recommends  the  following  technical  method  of 
ascertaining  th(^  relative  proportions  of  caustic  and  carbonated 
soila  in  soia  ash  : — 50  grains  of  the  sample  are  dissolved  in 
10  ounces  of  water,  j)henolphthalein  added,  and  the  standard 
acid  (1  dm.  -  0*5  grn.  Na-0)  slowly  run  in  until  the  colour 
disappears.  At  this  i)oint  all  the  caustic  soda  and  ime-hcUf  the 
carbonate  has  been  neutralized,  say  .'50  dm.  has  been  used.  To 
the  same  solution  (in  which  the  soda  now  exists  {is  bicarbonate) 
methyl  orange  is  added,  and  the  titration  continued  until  pink  ; 
the  burette  now  reads  50  dm.  Then  50  -  30  =  20  as  NallCl  )\ 
but  as  this  originally  existed  in  the  sample  as  Na'-'CO-',  this  figure 
must  be  double<l  =  40,  which  deducted  from  50  leaves  10  dm.  as 
representing  the  caustic  so^la  in  the  sample. 

3.    Estixnalion  of  Hydrates   of  Soda  or  Potash   with  small 

proportions  of  Carbonate. 

This  may  be  accomplished  by  means  of  phenacetolin  (Lunge, 
/.  t>.  C.  I.  i.  56).  The  alkaline  solution  is  coloured  a  scarcely 
|)erceptible  yellow  with  a  few  drops  of  the  indicator.  The  standanl 
acid  is  then  run  in  until  the  yellow  gives  place  to  a  pale  rose 
tint ;  at  this  j)oii)t  all  the  caustic  alkali  is  saturated,  and  the 
volume  of  acid  use<l  is  noted.  Further  addition  of  acid  now 
intensifies  this  red  colour  until  the  carlx)nate  is  decomposed,  when 
a  clear  golden  yellow  results.  The  neutralization  of  the  NallO  or 
the  KHO  is  indicated  by  a  rose  tint  permanent  on  standing ;  that 
of  Xa-C()'*  or  K-CO-^  by  the  sudden  passage  from  red  to  yellow. 

Practice  is  required  with  solutions  of  known  comj)osition  to 
accustom  the  eye  to  the  changes  of  colour.  Phenolphthalein  may 
also  be  emj)loycd  for  the  same  purpose  as  follows : 

Add  normal  aci<l  to  the  cold  alkaline  solution  till  the  red  colour 
is  discharged,  taking  care  to  use  a  very  dilute  solution,  an<l  keejjing 
the  spit  of  the  liurctte  in  the  liquid  so  that  no  C< )'-  escapes.  The 
point  at  which  the  colour  is  discharged  occurs  when  all  the  hydrate 
is  neutralized  and  the  carlK)natc  converted  into  bicarbonate ;  the 
volume  of  acid  is  note<l,  and  the  solution  heated  to  boiling,  with 
small  additions  of  acid,  till  the  red  colour  produced  by  the  decom- 
position of  the  bicarbonate  is  finally  destroyed. 

In  both  these  methoils  it  is  preferable,  after  the  first  stage,  to 
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add  excess  of  acid,  boil  off  the  CO'-,  and  titrate  back  with  normal 
alkali.  The  results  are  quite  as  accurate  as  the  method  of  precipi- 
tation witli  barium. 


4.    Sstixnation  of  Alkaline  Bicarbonates  in  presence   of 
Kormal  Oarbonates    (Lungre,  J.  S.  C.  I.  i.  57). 

To  a  weighed  (quantity  of  the  solid  bicarbonate,  or  a  measured 
quantity  of  a  solution,  there  is  added  an  excess  of  §  ammonia, 
followed  by  an  excess  of  solution  of  baric  cldoride.  The  mixture 
is  made  in  a  measuring  flask,  and  the  ^vhole  diluted  with  hot 
distilled  water  to  the  mark. 

A  portion  of  the  clear  settled  liquid,  or  filtered  through  a  dry 
filter,  is  then  titrated  with  normal  acid :  the  alkaline  strength  due 
to  the  excess  of  ammonia,  above  that  required  to  convert  the  bicar- 
bonate into  normal  carbonate,  deducted  from  the  total  ammonia 
added,  gives  the  equivalent  of  the  bicarbonate  present. 

JSxampU  (Lunge)  :  20  ^m.  podic  bicarbotiate  in  the  course  of  manufac- 
ture were  dissolved  to  a  liter.  50  c.c.  of  this  solution  required  12*1  c.o. 
normal  acid=0*3751  gm.  Na^O ;  50  c.c.  were  then  mixed  with  50  c.c.  of 
standard  ammonia  (50  c.c. =24'3  normal  acid)  and  the  whole  treated  with 
excess  of  baric  chloride.  One  half  of  the  clear  liquid  required  6'25  c.c. 
of  normal  acid,  24'3 — (6*25  x  2)  =  11'8  c.c. :  this  is,  therefore,  the  equivalent 
of  the  CO'  as  bicarbonate. 

XaHCO^  :  11*8  x  084=  9912  gm. 
Nu-C03  :  (121— 11-8)  x  053=  '0159. 

A  simpler  i)lan  than  the  above  has  been  devised  by  Thomson, 
which  gives  good  results  when  carefully  carried  out. 

To  the  cold  solution  of  the  sample,  an  excess  of  normal  caustic 
soda,  free  from  CO''^,  is  added,  the  CO'-^  is  then  precipitated  with 
neutral  solution  of  baric  chloride,  and  the  excess  of  sodic  hydrate 
found  by  standaixl  acid,  using  phenolphthalein  as  indicxitor.  The 
precipitate  of  baric  carbonate  has  no  effect  on  the  indicator  in  the 
cold.     The  calculation  is  the  same  as  before. 


6.    Etttimation  of  small  qnantitiee  of  Sodic  or  Potassio 
Hydrates  in  presence   of  Carbonates. 

Tliis  method,  by  Thomson,  has  just  been  alluded  to,  and 
consists  in  precipitating  the  carbonates  by  neutral  solution  of  baric 
chloride  in  the  cold :  the  baric  carbonate  being  neutral  to  phenol- 
phthalein, this  indicator  can  be  used  for  the  process.  When  the 
barium  solution  is  added,  a  double  decomposition  occurs,  resulting 
in  an  equivalent  quantity  of  sodic  or  potassic  chloride,  while  the 
baric  carbonate  is  precipitated,  and  the  alkaline  hydrate  remains  in 
^solution. 

Example  (Thomson):  2  gm.  of  pure  sodic  carbonate  were  mixed  in 
solution  with  "02  gm.  of  sodic  hydrate ;  excess  of  baric  chloride  was  then 
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added,  together  with  the  indicator,  and  the  solution  titrated  with  /,y  acid,  of 
which  in  three  triaN  an  average  of  5  c.c.  was  required ;  tlicrefore, 
5  X  •004= '02  gm.  exactly  the  quantity  used. 

In  tliia  i)roccss  the  presence  of  chlorides,  sulphates,  and  sulphites 
does  not  interfen? ;  neither  do  i)hos[)lmtes,  as  baric  jdiosphate  is 
neutral  to  the  indicator.  With  sulphides,  half  of  the  base  will  be 
estimated ;  but  if  hydrogen  peroxide  be  added,  and  the  mixture 
allowed  to  rest  for  a  time,  the  sulphides  are  oxidized  to  sulphates, 
which  have  no  effect  If  silicates  or  aluminates  of  alkali  are 
present,  the  base  will  of  course  be  recorded  as  hydrate. 

Thomson  further  says : — 

"  The  foregoing  method  can  also  ]>o  applied  to  the  determination 
of  hydrate  of  sodium  or  potassium  in  various  other  compounds, 
which  give  precijntates  with  baric  chloride  neutral  to  j)henolj)h- 
thalein,  such  as  the  normal  suljdiites  and  phosphates  of  the  alkali 
metals.  An  illustration  of  the  use  to  which  the  facts  I  have 
8tat€<l  in  this  and  former  paj)er8  may  be  put  will  be  foinid  in  the 
analysis  of  suljdiite  of  sodium.  Of  course  sulphate,  thiosulphate, 
and  chloride  are  determined  as  usual,  but  to  estimate  sulphite, 
carbonate  and  hvdrate,  or  bicarbonate  of  s<Klium  bv  methods  in 
onlinary  use  is  rather  a  tedious  operation.  To  find  the  proportion 
of  hydrate,  all  that  is  necessary  is  to  precipitate  with  baric  chloride 
and  titrate  with  stiindard  acid,  as  above  described.  Then,  by 
simple  titration  of  another  portion  of  the  sample  in  the  cohl,  using 
phenolphthalein  as  indicator,  the  hydrate  and  half  of  the  ci\rbonate 
can  ])e  found,  and  finally,  by  emj)loyn'ient  of  methyl  orange  as 
indicator,  and  further  addition  of  acid,  the  other  half  of  the 
carbonate  and  half  of  the  sulphite  can  be  estimated.  By  simple 
calcidations,  the  respective  ])rop()rtions  of  these  three  compounds 
can  be  obtained,  a  result  which  can  be  accomplished  in  a  few 
minutes.  It  must  be  borne  in  mind  that  if  a  large  quantity  of 
sodic  carbonate  is  in  the  sample  the  proportion  of  that  compound 
found  will  only  be  an  approximation  to  the  truth,  as  the 
end-reaction  is  only  delicate  with  small  proi)ortions  of  sodic 
carbonate.  If  there  is  no  hydrate  found,  bicarbonate  of  soilium 
can  be  tested  for,  and  determined  by  Lunge's  method  described 
above  "(§  17.4). 

6.    EBtimation  of  Alkalies  in  the  presence  of  Sulphites. 

It  is  not  possible  to  estimate  the  alkaline  compounds  in  the 
presence  of  sulphites  by  titration  with  acids,  as  a  cert^iin  ([uantity 
of  acid  is  taken  up  by  the  sulj)hite,  SO-  being  evolved.  This 
difficulty  may  be  completely  overcome  l)y  the  aid  of  hydrogen 
peroxide,  which  si)eedily  converts  the  sulphites  into  sulphates 
(Grant  and  Cohen,  /.  S.  C.  I,  ix.  19).  These  o])erators  proved 
that  neither  caustic  or  carbonate  alkali  were  affected  by  H'-O-,  nor 
had  the  latter  any  prejudicial  effect  on  methyl  orange  in  the  cold. 
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The  quantity  of  H^CJ^  required  in  any  given  analysis  must  depend 
on  the  amount  of  sulphite  present ;  for  instance,  the^  caustic 
salts  of  commerce  contain  about  50  %  of  sulphite,  and  it  suffices 
to  take  10  o.c.  of  ordinary  10  vol.  11^0-  for  every  0*1  gm.  of  the 
salts  in  solution.  In  the  case  of  mixtures  containing  less  or  more 
sulphite  the  quantity  may  be  varied. 

The  AnaJi/sis :  A  mejisurcd  volume  of  tlie  peroxide  is  run  into  a  beaker, 
aod  three  or  four  drops  of  methyl  orange  added.  As  the  11*0-  is  invariably 
faintly  acid,  the  acidity  is  carefully  corrected  by  addini^  droj)  by  drop  from  a 
pipette  Tw  caustic  soda.  The  required  quantity  of  salt  to  be  analyzed  is 
then  adde<l  in  solution,  and  the  mixture  K^ntly  boiled,  during  the  boiling  the 
methyl  oranj^e  will  be  bleached.  The  liquid  is  then  cooled,  a  drop  or  two 
more  of  methyl  orange  added,  and  the  titration  for  the  proportion  of  alkali 
carried  out  with  normal  acid  in  the  usual  way.  The  results  are  very 
satisfactorv. 

7.    Estimation  of  Cauftlc   Soda,   or  Potash  by  standard 

Bichromate  of  Potash. 

This  process  was  devised  by  Ric liter,  or  rather  the  inverse  of 
it,  for  estimating  bichromate  with  caustic  alkali  by  the  aid  of 
l)henolphthalein.  Exact  results  may  be  obtained  by  it  in  titrating 
soda  or  potash  Jis  hydrates,  but  not  ammonia  as  recommended 
by  Richter. 

For  the  process  there  are  required  a  deciuormal  solution  of  bichromate  con- 
tainini,'  14'74  gm.  ])cr  liter,  and  yV  soda  or  potash  solution  titrated  against 
sulphuric  acid.  A  comparison  li(iuid  containing  about  1  gm.  of  monochro- 
mate  of  potash  in  150—200  c.c.  water  is  advisable  for  ascertaining  the  exact 
end  of  the  reaction ;  50  c.c.  of  the  alkali  being  diluted  with  the  same  volume 
of  water,  is  coloured  with  phenolphthalein,  and  the  bichromate  run  in  from 
a  burette;  the  fine  red  tint  changes  to  reddish  yellow,  which  remains  till 
the  neutral  point  is  nearly  reached,  when  the  yellow  colour  of  the  mono- 
chromate  is  produced ;  the  change  is  not  instantaneous  as  with  mineral  acids, 
80  that  a  little  time  must  be  allowed  for  the  true  colour  to  declare  itself. 

8.    Estimation  of  Potash  in  Neutral  Salts  free  from  Soda. 

Stolba  precipitates  tlie  potash  from  a  tolerably  concentrated  solution  of 
the  subbtunces  with  hydrofluosilicic  acid  and  strong  alcohol.  The  method  is 
also  applicable  to  the  estimation  of  potash  in  potassic  platinum  chloride.  To 
ensure  complete  decomposition,  it  is  well  to  warm  the  mixture  for  a  little 
time  before  adding  the  alcohol,  which  must  be  of  about  the  same  volume  as 
the  liquid  itself.  After  some  hours,  when  the  precipitate  has  settled,  the 
solution  is  filtered  off,  the  beaker  and  precipitate  well  washed  with  equal 
mixtures  of  alcohol  and  water,  the  whole  transferred  to  a  white  porcelain 
basin,  water  rather  freely  added,  and  heated  to  boiling,  a  few  drops  of 
litmus  added,  and  normal  or  semi-normal  alkali  run  in  until  exact 
saturation  occurs ;  or  a  known  excess  of  alkali  may  be  added,  and  the  amount 
found  by  residual  titration  with  normal  acid.  The  results  are  generally 
about  l^'o  too  low,  owing  to  the  difficulty  of  fully  decomposing  the  pre- 
cipitate. 

2  eq.  alkali  =  1  eq.  potash. 
The  process  is  very  limited  in  its  use,  and  is  not  applicable  when 
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sulphates  arc  ])re8ent,  nor  in  the  i)resence  of  any  great  amount  of 
free  acid.  Sulphuric  acid  may  bo  previously  removed  by  calcic 
acetate  and  alcohol ;  other  acids  l^y  moderate  ignition  previous  to 
precipitation.  Large  proportions  of  ammonia  sidts  must  also  be 
removed ;  and,  of  course,  all  other  matters  precipitable  by  hydro- 
fluosilicic  acid,  especially  soda. 


9.    Direct  estimation  of  Potash  in  the  presence  of  Soda. 

Fleischer  recommends  the  following  method;  and  my  own 
exi)eriment8  confirm  his  statements,  so  far  at  least  as  the  pure  salts 
are  concerned. 

The  solution  must  contain  no  other  bases  except  the  alkalies,  nor  any  iicitU 
except  nitric,  hydrochloric,  or  acetic.  This  can  almost  invariably  be  easily 
accomplished.  Earthy  alkalies  are  remove<l  by  ammonic  carbonate  or 
phosphate;  sulphuric,  chromic,  phosphoric,  and  arsenic  acids  by  baric 
chloride,  followed  by  anunonic  carbonate. 

The  solution  should  be  tolerably  concentrate,  and  the  volume  about  25  or 
30  c.c. ;  10—15  c.c.  of  neutral  solution  of  ammonic  acetate  of  sp.  ^r. 
1'035  are  added;  followed  by  finely  powdered  pure  tartaric  acid  in  sutticient 
quantity  to  convert  the  potash  into  acid  tartrate,  with  an  excess  to  form  some 
ammonic  tartrate,  but  not  enough  to  decom])08e  the  whole.  This  is  the  weiik 
part  of  the  method ;  however,  as  a  ^'uide,  it  U  not  advisable  to  add  more 
than  5  jfm.  tartaric  acid  for  10  c.c.  of  ammonic  acetate.  If  the  (juantity  of 
potash  is  approximately  known,  it  is  best  to  add  about  one-third  more  than 
is  sufficient  to  convert  the  whole  into  acid  tartrate. 

After  adding'  the  tartaric  aM  the  mixture  must  be  well  stirred  for  five  or 
ten  minutes,  without  rubbin>(  the  sides  of  the  beaker;  a  like  volume  of  95 
per-cent.  alcohol  is  added,  and  a^ain  well  stirred.  The  prec'ipitate  contains 
the  whole  of  the  poUish  as  tartrate,  and  a  portion  of  anunonium  tartrate. 
After  standing  half  an  hour  with  occasional  stirring,  the  precipitate  is 
collected  on  a  porous  filter,  and  repeatedly  washed  with  alcohol  and  water  in 
equal  partj*  until  clean. 

IrVhen  the  washing  is  finished  the  precipitate  will  be  entirely  free  from 
soda;  filter  and  precipitate  are  transferred  to  a  porcelain  basin,  treated  with 
sufficient  hot  water  to  dissolve  the  tartrates,  then  exatrtly  neutralized  with 
normal  alkali  and  litmu»<,  and  the  volume  so  used  noted.  A  like  volume,  or 
preferably,  a  lar>rer  known  volume  of  normal  alkali  is  now  added,  and  the 
mixture  boiled  to  expel  all  ammonia ;  the  end  may  be  known  by  holding 
litmus  paper  in  the  steam.  The  excess  of  normal  alkali  is  now  found  by 
titration  with  normal  acid ;  the  amount  so  found  must  be  deducted  from  that 
which  was  added  in  exc^s^  after  the  exact  titration  of  the  tartmte :  the 
difference  eauals  the  ammonia  volatilized.  By  deducting  this  difference 
from  the  volume  of  normal  alkali  originally  required,  the  volume  corre- 
^ouding  to  potash  is  found. 

Example :  29'4  c.c.  of  normal  alkali  wore  required  in  the  first  instance  to 
neutralize  a  given  precipitate ;  40  c.c.  of  the  same  alkali  were  then  added, 
the  boiling  accomi/lished,  and  226  c.c.  normal  acid  used  for  the  excess ;  then 
40-22-6=17"5  c.c,  and  again  29*4— 176  =  11*9,  which  multiplied  by  the 
factor  for  K1IO  =  0056  gives  00664  gm. 

The  soda  in  the  filtrate  may  be  obtained  by  evaporation  with 
hydrochloric  acid  as  sodic  cliloride,  and  estimated  as  in  §  42, 
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10.     Mixed    Caustic   Soda   and   Potash. 

This  process  depends  upon  tlic  fact,  that  potassic  bitartrate  is 
almost  insohil)lc  in  a  sohition  of  sodic  bitartrate. 

Add  to  the  sohition  containing  the  mixed  salts  a  standard  solution  of 
tartaric  aci<l  till  neutral  or  faintly  acid— this  produces  neutral  tartrates 
of  the  alkalies — now  add  the  same  volume  of  standard  tartaric  acid  as  before — 
they  are  now  acid  tartrates,  and  the  potassio  bitartrate  separates  almost 
completely,  filter  off  the  sodic  bitartrate  and  titrate  the  filtrate  with  normal 
caustic  s(Kla ;  the  quantity  required  equuls  the  soda  orijs'uiall}'  in  the 
mixture— the  quantity  of  tartaric  acid  required  to  fonn  bitartrate  with  the 
soda  subtracted  from  the  total  quantity  added  to  the  mixture  of  the  two 
alkalies,  ^ves  the  quantity  required  to  form  potassic  bitartrate,  and  thus 
the  quantity  of  potash  is  found. 

This  process  is  only  applicable  for  technical  purjioscs. 

Mixtures  of  potash  and  soda  in  the  form  of  neutral  chlorides  are 
estimated  by  J.  T.  White  as  follows  (C.  2i.  Ivii.  2M):-20  c.c.  of  the 
solution  containinic  about  02  gm.  of  the  mixed  salts  are  placed  into 
a  100  c.c.  flask,  and  5  c.c.  of  a  hot  siiturated  solution  of  ammonic  bicarbonate 
added  ;  the  mixture  is  cooled,  and  alcohol  added  in  small  quantities,  with 
shaking,  until  the  measure  is  made  up  to  100  c.c.  After  three  or  four  hours, 
10  c.c.  of  the  clear  liquid  are  removed  with  a  pipette,  evaporated  and  ignited, 
the  residue  is  moistened  with  a  few  drops  of  ammonic  chloride  solution 
and  again  ignited ;  the  sodic  chloride  so  obtained  is  then  titrated 
with  standard  silver  solution,  1  c.c.  of  which  represents  '001  gm.  CI ;  this  is 
calculated  to  "SixCl  and  the  KCl  found  by  difference. 

11.     Potash   as   Platino-ohloride: 

In  cases  Avhcre  i)otash  exists  in  combination  as  a  neutral  salt, 
such  as  kainit  or  kieserit,  etc.,  or  as  a  constituent  of  minerals, 
it  has  to  be  first  separated  as  double  chloride  of  potassium  and 
platinum.  The  method  usually  adopted  is  that  of  collecting  the 
double  salt  uj)on  a  tared  filter,  when  the  weight  of  the  dry  double 
salt  is  obtained,  the  weight  of  j)otasli  is  ascertained  by  calculation. 

It  may,  however,  be  arrived  at  by  volumetric  means  as  follows  : — 

The  jwtasli  having  been  converted  into  double  chloride  in  the  usual  way 
is  dried,  collected,  and  mixed  with  about  double  its  weight  of  pure  sodic 
oxalate,  and  gently  smelted  in  a  platinum  crucible ;  this  operation  results  in 
the  production  of  metallic  platinum,  chlorides  of  sodium  and  potassium, 
with  some  carbonate  of  soda.  The  quantity  of  potash  present  is,  however, 
solel3'  measured  by  the  chlorine ;  in  order  to  arrive  at  this,  the  fused  mass  is 
lixiviated  with  water,  filtered,  nearly  neutralized  with  acetic  acid,  and  the 
chlorine  estimated  with  y^  silver  and  chromate,  the  number  of  c  c.  of  silver 
required  is  multiplied  by  the  factor  0*00157,  which  gives  at  once  the  weight 
of  potash.  This  factor  is  used  because  1  molecule  of  double  chloride  contains 
3  atoms  chlorine,  hence  the  quantity  of  nr  J^ilver  used  is  three  times  as  much 
as  in  the  case  of  sodic  or  potassic  chloride. 

L.  de  Koninck  (Chem,  Zeit.  xix.  301)  has  improved  this  process 
materially  by  the  use  of  formic  acid  as  a  reducing  agent.  The 
chloroplatinate  is  filtered  and  wa^jhed  in  the  usual  way,  dissolved  in  boiling 
water  and  decomposed  by  calcic  formate  free  from  CI.  The  liquid  is  heated 
until  the  platinum  is  fully  separated,  and  the  solution  colourless;  it  is 
neutralized  with  a  small  qiumtity  of  pure  calcic  carbonate,  filtered,  washed, 
and  the  chlorine  determined  by  titration  with  ^^  silver  solution  and 
chromate. 
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12.    fiejMiration   of  the    Fotasli   as   Bitartrate. 

The  mixed  salts  being  rondcre<i  as  iicurl}'  neutral  as  possible,  a  saturated 
solution  of  sodio  biturtnito  is  added  in  excess,  and  the  whole  evaj>orated  to 
dn-ness  in  tlie  water  bath.  The  dry  muss  is  then  deprived  of  the  excess  of 
sodic  bitartnite  by  washinj^  it  on  a  filter  with  a  saturate<l  solution  of  ]>otassic 
bitartrate;  when  all  the  soda  salt  ha-*  been  removed,  the  pot  rush  salt  is 
dissolved  in  hot  water,  and  titnited  with  normal  alkali,  of  \\hich  1  ce. 
represents  0"U30  j;m.  K.  In  cases  where  potash  is  to  bo  sepanited  as 
bitartrate,  the  oiKrrator  should  consult  §  28,  2  and  8. 

TECHNICAL   EXAMINATION   OF   SOME   ALKATiINE 
COMPOUNDS    FOUND    IN    COMMBBCB     OB    OCCXTBBINa    IN 

COUBSE    OF    MANUFACTUBE. 

There  is  now  consulorahle  unanimity  among  Enj;lisli  and  foreign 
manufacturers  of  alkaline  compounds,  as  to  methods  of  jinalysis  to 
be  adopted  either  for  guidance  in  manufacture  or  commercial 
valuation.  Lunge  has  contrilmted  imj)ort4nit  j)aper.s  on  the 
subject  (/.  /S'.  C.  /.  i.  12,  IG,  55,  92),  also  in  (U)njunction  with 
Ilurter  in  the  Alliuli  MaJcers^  Porket  Jioo/t-,*  which  contains 
valuable  tables  and  processes  of  analysis.  So  far  as  volunn*tric 
methods  are  concernejl,  the  same  ])rocesses  will  be  given  here  with 
others. 

13.     Soda   Ash,    Blaok   Ash,    Mother-liquors,    etc. 

Soda  Ash  or  Befined  Alkali.  -^  or  10  -^u.  are  dissolved  inahout  150  c.e. 
of  warm  distilled  water,  and  any  insoluble  matter  filt<*red  off  (German 
chemists  do  not  filter),  and  the  volume  dilule<l  to  i  or  1  liter. 

Tho  total  quantity  of  alkali  is  determined  in  50  c-.c.  by  normal  sulphuric, 
nitric,  or  h\'drochloric  acid,  jus  in  §  17.  l.t 

The  quantity  of  caustic  alkali  present  in  any  sample  is  determined  as 
in  §  17.  2  or  5. 

The  presence  of  sulphides  is  ascertained  by  the  smell  of  sul)»hurette<l 
hydrojjjen  when  tho  alkali  i<  satunited  with  an  acid,  or  by  dipping?  paper 
8teepe<i  in  sodic  nitro-prusside  into  the  solution:  if  the  paper  turns  blue  or 
violet,  sulphide  is  present. 

The  quantity  of  sulphide  and  sulphite  may  be  determined  by  saturating? 
a  dilute  solution  of  the  alkali  with  a  slight  excels  of  acetic  acid,  ad<linL,'  starch 
and  titnitin^  with  /fr  iodine  solution  till  the  blue  <!olour  appears.  The 
quantity  of  iodine  required  is  the  mc^isurc  of  tho  sulphuretted  hydro;;en 
and  sulphurous  acid  i)rc»si'nt. 

The  pn)portion  of  sul])hide  is  estimated  a.<  follows: — 13'8J0  k^- <'f  p»re 
wlvcr  ire  dissolved  in  dilute  nitric  acid,  and  the  solution,  t4)>fether  with  an 
excess  of  liquid  ammoniji,  made  up  to  a  liter.     Ksich  c.c.-— 0(K)5  gm.  Na-S. 

The  Analjifsit :  100  c.c.  of  tho  alkali  licpior  is  heated  to  l)oilinj|(,  some 
ammonia  adde<I,  and  tho  silver  solution  drop[)ed  in  from  a  burette  until  no 
further  precipitate  of  A;rS  is  ])roducetL  Towards  the  end  iiltnition  will  bo 
necessary,  in  order  to  ascertain  tho  exact  iwint,  to  which  end  the  Beales 
filter  is  serviceable  (fig.  23).  The  amount  of  Na*-S  so  found  is  deducted 
from  the  total  sulphide  and  suh)hite  found  by  iodine. 

Sodic  chloride  (common  wilt)  may  be  determined  by  carefully  neutnilizin.^ 
1  gm.  of  the  alkali  with  nitric  acid,  and  titrating  with  decinormal  silver 

•  Bell  &  Soua,  York  Street,  Coveut  Garden. 

tThisKivoa  a  iLii^ht  error,  owin^  to  traces  of  nluininato  of  toil  aai  liii;e,  whicL 
consume  acid. 
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solution  and  potassic  chromate.  Each  c.c.  represents  0005837  gm.  of 
•common  salt.  Since  the  quantity  of  acid  necessary  to  neutralize  the  alkali 
has  already  been  found,  the  proper  measure  of  y^  nitric  acid  may  at  onco 
be  added. 

Sodic  sulphate  is  determined,  cither  directly  or  indirectly,  as  in  §  76. 
Each  cc.  of  normal  baric  chloride  is  equal  to  0*071  gni.  of  dry  t?odic 
sulphate. 

Examination  of  Crude  Soda  Lyes  and  Bed  Liquors. — Kalmann 
und  Spiiller  {Dingl.  pot  fit.  t/.,  264,  456—469)  recommend  a  process  based 
on  the  insolubility  of  baric  sulphite  and  the  solubility  of  baric  thiosulphatc 
in  alkaline  solutions.  The  estimation  is  i)erformed  in  the  following? 
manner: — 1.— The  total  alkalinity  is  determined  in  a  measured  volume  of 
the  liquor  under  examination  by  titration  with  normal  acid,  methyl  orange 
being  used  as  indicator.  The  acid  consumed  equals  sodic  carbonate -I- sodic 
sulphide, -f  sodic  hydroxide,  +  one-half  sodic  sulphite  (Xa-SO^  is  alkaline 
■and  NaHSO^  neutral  to  methyl  orange).  2.— An  equal  volume  of  the 
liquor  is  titrated  with  yV  solution  of  iodine,  the  volume  consumed  corres- 
ponding with  the  sodic  sulphide  -f  the  sodic  sulphite,  +  the  sodic 
thiosulphate.  3.— Twice  the  volume  of  liquor  as  that  used  in  (1)  and  (2) 
is  precipitated  with  an  alkaline  zinc  solution,  and  the  mixture  made  up  to 
a  certain  measure,  one-half  of  which  is  filtered,  acidified,  and  titrated  with 
W  iodine.  The  iodine  consumed  equals  sodic  sulphite-f  sodic  thiosulphate. 
4.— Three  or  four  times  the  volume  of  liquor  used  in  (1)  and  (2)  is  treated 
with  an  excess  of  a  solution  of  baric  chloride,  the  mixture  made  up  to 
a  known  volume  with  water,  and  filtered,  (a)  One-third  or  one-fourth 
(as  the  case  may  be)  of  the  filtrate  is  titrated  with  normal  acid,  the  amount 
used  corresponding  with  the  sodic  hydroxide  -f  the  sodic  sulphite. 
(b)  A  new  third  or  fourth  of  the  filtrate  is  acidified  and  titrated  with  W 
iodine,  the  iodine  consumed  being  equal  to  sodic  sulphite  ■+-  sodic  thio- 
sulphate.   The  calculation  is  made  as  follows  : — 

2  — 4i  -A  c.c.  tV  iodine  corresponding  to Na^SO* 

2  — 3     =  B  c.c.  I'V  iodine  corresjwnding  to  Na^ 

46— (2— 3)    ...  =  C  c.c.  HF  iodine  corresponding  to Na-S-O^ 

4<7 — I'o^B    =D  c.c.  normal  acid  corresponding  to     ...  NaOH 

1  — (4a  + AA)  =E  c.c.  normal  acid  corresponding  to      ...  Na-C6^ 

Black  Ash.— I>igest  50  gm.  with  warm  water  in  a  half-liter  flask,  fill  up  to 
mark,  and  allow  to  settle  clear. 

(1)  Toiat  Alkali  existing  as  carbonate,  hydrate,  and  sulphide,  is  found 
by  titrating  10  c.c.=  l  gm.  of  ash  with  standard  acid  and  methyl  orange  in 
the  cold. 

(2)  Cautttc  Soda. — 20  c.c.  of  the  liquid  are  put  into  a  100  c.c.  flask  with 
10  c.c.  of  solution  of  baric  chloride  of  10  ])er  cent,  strength,  filled  up  with 
hot  water,  well  shaken,  and  corked  after  settling  a  few  minutes.  The  clarified 
liquid  is  filtered,  and  50  c.c.  =  l  gm.  ash,  titrated  with  standard  acid  and 
meth}^  orange ;  or  it  may  be  titrated  without  filtration  if  standard  oxalic 
acid  and  phenolphthalein  are  used,  this  acid  having  no  effect  on  the  baric 
carbonate.    Each  c.c.  normal  acid"=0031  Na-0.    This  includes  sulphides. 

(3)  Sodic  Sulphide, — Put  10  c.c.  of  liquor  into  a  flask,  acidulate  with 
acetic  acid,  dilute  to  about  200  c.c.  and  titrate  with  yu  iodine  and  starch. 
Each  c.c.  =  00039  Na^S,  or  00031  Na'^0. 

(4)  Sodic  Chloride. — 10  c.c.  are  neutralized  exactly  with  normal  nitric 
acid,  and  boiled  till  all  H-S  is  evaporated.  An}-  sulphur*  which  may  have 
been  precipitated  is  filtered  off",  and  the  filtrate  titrated  with  yV  silver  and 
chromate.    Each  c.c.=OO05837  gm*  NaCl. 

(5)  Sodic  Sulphate.— This  is  best  estimated  by  precipitation  as  baric 
sulphate,  and  weighing,  the  quantity  being  small.  If,  however,  volumetric 
estimation  is  desired,  it  may  be  done  as  in  §  76,  taking  50  c.c.  of  liquor. 
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For  other  methods  of  examining  the  various  solid  and  liquid 
alkali  wastes  used  for  soda  and  suli)liur  recovery,  etc.,  the  reader  is 
referred  to  the  Alkali  Makers  Pocket  Book  already  mentioned. 

14.    Salt  Oake. 

Is  the  impure  sodic  sulphate  used  in  alkali  manufacture  or  left  in 
the  retorts  in  preparing  hydrochloric  acid  from  sulphuric  acid  and 
salt,  or  nitric  acid  from  sodic  nitrate.  It  generally  contains  free 
sulphuri<'  acid  existing  as  sodic  bisulphate,  the  quantity  of  which 
may  he  ascertained  by  direct  titration  with  normal  alkali. 

The  common  salt  present  is  estimated  by  decinormal  silver  solution  and 
chromate ;  having  first  saturated  the  free  acid  with  pure  sodic  carbonate, 
1  c.c.  silver  iolution  is  e<iua]  to  0005837  gm.  of 'salt. 

Sulphuric  acid,  combined  with  soda,  is  estimated  either  directl}-  or 
indirectly  as  in  §  70 ;  1  c.c.  of  normal  barium  solution  is  equal  to  0071  gm. 
OP  0'71  Km.  of  dry  sodic  sulphate. 

Iron  is  precipitated  from  a  fdtered  solution  of  the  salt  cake  with  ammoni  i 
in  excess,  the  pre<*ipitate  of  ferric  oxide  re-dissolved  in  sulphuric  acid, 
reduced  to  the  ferrous  state  with  zinc  and  titrated  with  permanganate. 

Grossman  adopts  a  method  suggested  by  Bohlig  (see  JJ  32), 
and  has  worked  out  the  process  in  the  case  of  salt  cake  in  careful 
detail  (C  N.  xli.  114)  as  follows: — 

The  neutral  solution  of  salt  cake  (;V55  ^m.)  is  put  into  a  500  c.c. 
flask,  2.y)  c.c.  of  a  cold  saturated  solution  of  baric  hydrate  added, 
the  flask  filled  with  water,  and  shaken  up.  Of  the  filtered  clear  liquid 
250  c.c.  are  put  in  an  ordinary  flask,  carbonic  acid  passed  throu^'h 
for  about  ten  minut:^s,  and  then  the  contents  of  the  fljisk  boiled  so 
as  to  decompose  any  baric  bicarbonate  which  may  be  in  solution.  After 
cooling,  the  <!ontents  of  the  flask  are  aj^in  transferred  to  the  5<^)0  c.c. 
flask,- the  latter  filled  up  with  water  to  the  mark,  shaken  up,  and  filtered. 
250  c.c.  of  the  filtrate— i.?.,  one-fourth  of  the  ori^'inal  quantity  used-  are 
then  titrated  with  one-fourth  normal  sulphuric  acid.  The  number  of  c.c.  of 
one-fourth  normal  acid  used  multiplied  by  two  will  j;ivo  the  i)ercenta;.(o  of 
sodic  sulphate. 

There  are,  however,  sources  of  error  in  the  experimental  working  of  this 
method  which  make  certain  corrections  necessary.    They  arise  - 

(1)  From  the  impurities  of  the  caustic  baryta. 

(2)  From  the  precipitate  formeil  in  the  measured  liquid. 

(3)  From  certain  constant  losses. 

The  (•()nimorcial  caustic  baryta  always  contains  baric  nitrate,  and  sometime!* 
baric  chloride.  It  is  evident  that  on  adding  a  solution  of  baric;  hydrate 
which  contains  baric  nitrate  to  a  solution  of  sodic  sulphate,  a  quantity  of  the 
latter,  equivalent  to  the  quantit}'  of  the  baric  nitrate  present,  will  be 
converted  int<3  sodic  nitrate,  and  thus  escajK)  the  alkalimetric  test,  as  will  bo 
seen  by  the  folio winj^  equations : — 

Ba(NO»)-H-  NVS0^=^BaS0H2NaN0\ 

Ba(NO»)-  +  2NaOH  +  CO-=BaCO»+2NaNOHU-0. 

It  is  therefore  necessary  to  measure  approximately  the  quantity  of  baryta 
solutiou  used,  so  as  to  know  the  amount  of  baric  nitrate  introduced  into  the 
process.  The  latter  can  be  easily  ascertained  by  passing  carbonic  acid  in 
excess  through  the  cold  saturated  solution  of  baric  hydrate,  boiling',  filtering, 
and  precipitating  the  baryta  left  in  solution  by  sulphuric  acid  as  usual. 

F 
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250  c.c.  of  a  baryta  solution  used  for  experiment  yielded  0'02SO  gm.  of  BaSO**, 
which  corresponds  to  0*0171  gm.  of  Na'-'SO'*,  or  0'96  c.c.  of  one-fourth  normal 
acid  ;  and  it  follows  that  for  every  250  c.c.  of  this  baryta  solution  was  found 
00171  gm.  of  Na=SO*  too  little;  or,  that  there  must  be  added  024  c.c.  of 
one-fourth  normal  acid  to  the  result  of  the  final  titration  (of  one-fourth  of 
the  original  quantity).  If  the  baryta  contain  caustic  alkali,  a  corresponding 
quantity  of  baric  nitrate  will  be  found  less  by  the  test ;  but  it  is  easily 
understtood,  that  the  calculations  will  not  be  influenced  as  long  as  the  baric 
nitrate  is  in  excess  of  the  caustic  alkali,  which  is  always  the  case  in  good 
commercial  baryta. 

The  second  error  arises  from  the  precipitates  of  baric  sulphate  and  carbonate 
taking  up  some  space  in  the  500  c.c.  flask,  the  final  results  thus  being  found 
too  high.  If  it  is  assumed  that  a  cold  saturated  solution  of  baryta  contains 
about  23  gm.  of  BaO  per  liter,  it  will  be  near  enough  for  all  practical  purposes 
if  in  the  experiment,  working  with  3'55  gm.  of  Na'^SO*  and  250  c.c.  of  baryta 
solution,  0*4  per  cent,  is  subtracted  from  the  final  results  for  this  error. 

Three  experiments  made  with  3*55  gm.  of  pure  ignited  sodic  sulphate  gave 
the  following  results : — 

Used  one-fourth  normal  acid    . . .     49*37  c.c. 
Add  for  Ba(NO»)2      0*24  c.c. 


49-61  c.c. 
=99-22  per  cent.  Na'SO^ 

II. 

Used  one-fourth  normal  acid    ...     49*21  c.c. 
Add  for  Ba(N03)2      -0-24  0.0. 


49*45  c.c. 
=98*90  per  cent.  Na^SO^ 

III. 

Used  one-fourth  normal  acid    . . .     49*37  c.c. 
Add  for  Ba(NO»)2      024  c.c. 


49*61  c.c. 
=99-22  per  cent.  Na^SOl 

The  average  of  these  three  experiments  gives  99*  1  per  cent. ;  and  if  0*4 
per  cent,  be  subtracted  for  the  precipitate,  the  result  is  98*7  per  cent,  instead 
of  100. 

Grossman  states  that  this  loss  of  1*3  per  cent,  in  working  with  3*55  gm. 
of  sulphate  in  the  given  dilution  is  a  constant,  and  by  dividing  all  results  by 
0*987  correct  results  are  obtained. 

It  now  remains  to  show  the  applicability  of  this  method  to  the  assay  of 
salt  cake  and  like  substances.  The  following  is  a  complete  analysis  of  a 
sample  of  salt  cake  made  in  the  usual  way : — 


Moisture     

0*49 

Insoluble     

0*29 

Free  sulphuric  hydrate     ... 

0*38 

Aluminium  sulphate 

0-23 

Perric  sulphate 

0*42 

Calcic  sulphate 

1-17 

Sodic  chloride    

200 

Sodic  sulphate  (by  difference) . 

9502 

10000 
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In  order  to  make  a  good  analysis  of  salt  cake  by  wcij<ht  it  is  necessary  to 
estimate  seven  constituents,  to  find  by  dififeronco  tlio  quantity  of  actual  sodic 
sulphate,  which  is  the  only  constituent  wanted. 

When  baric  hydrate  is  added  to  a  solution  of  salt  cake  the'  free  acid  is 
precipitated,  so  are  alumina  and  iron,  and  the  sulphuric  acid  combined  uith 
them  and  with  lime.  The  lime  is  partly  thrown  down  as  such,  and  what  is 
left  as  lime  in  solution  is  precipitated  as  carbonate  in  the  second  operation. 
Thus,  whatever  other  sulphates  be  present,  only  the  sodic  sulphate  is  g^ven; 
and  by  one  simple  test  we  are  thus  able  to  ^et  a  result  which  formerly  could 
only  be  attained  by  a  tedious  complete  analysis. 

The  salt  cake,  of  which  a  complete  analysis  is  given  above,  was  te-^ted  by 
the  alkalimetric  method.    3*55  ^ni.  required  — 

One-fourth  normal  acid     46*95  c.r. 

Add  for  Ba(NO»)-      024  c.c. 


47'19  c.c. 
c=94-38  per  cent.  Na^SO^ 

(04-38— 0-40)=93*98. 

9308  :  0-y87=05*2  per  cent.  Na^SO^ 

Thus,  by  the  alkalimetric  test,  95*2  per  cent,  of  Xa^SO*  occurs, 
whereas  the  analysis  gives  95  02  per  cent.  If  it  be  considered  how 
difficult  it  is  to  wash  soda  salts  conqdetely  from  precij>itates,  it  is 
not  surprising  to  find  the  result  too  low  in  the  complete  analysis, 
as  in  five  precii)itiites  a  very  minute  quantity  will  make  up  0*2 
per  cent. 

It  is  hardly  necessary  to  [)oint  out  that  none  of  the  ii«,aires  for 
the  correction  of  the  errors  enumerated  above  cmi  be  used  by  any 
one  else  working  by  this  method,  but  that  they  must  be  tuscertiiined 
in  every  individual  case.  It  is  absolutely  necessary  t<>  ascertain 
after  the  first  operation  that  there  is  no  sulj)hate,  and  after  the 
second  (l)efore  titrating)  that  there  is  no  baryta  in  solution. 

15.    Baw  Salt,  Brine,  etc. 

Lime  may  be  estimated  by  precipitation  with  amnionic  oxalate,  and  the 
precipitate  titrated  with  permanganate,  !is  in  §  52. 

Sulphuric  acid  a§  in  §  76. 

Magnesia  is  precipitated  as  ammoniacal  phosphate,  by  a  solution  of  sodic 
phosphate  containing  ammonia,  first  removing  the  lime  by  ammonic  oxalate, 
the  precipitate  of  double  phosphate  of  magnesia  and  ammonia  is  brought  on 
a  filter,  washed  with  cold  ^^Titer  containing  ammonia,  then  dissolved  in  acetic 
acid,  and  titnited  with  standard  uranium  solution,  or  by  the  process  for 
P=0*  (§  24). 

The  quantity  of  real  salt  in  the  sample  may  be  ascertained  by  treating  a 
weighed  quantity  in  solution  with  caustic  baryta,  boiling,  setting  aside  that 
the  excess  of  baryta  may  precipitate  itself  as  carbonate,  or  more  quickly  by 
adding  ammonic  cJirbonate,  filtering,  evaporating  the  solution  to  dryness,  and 
gently  igniting — the  residue  is  pure  salt.  The  loss  of  weight  between  this 
and  the  original  specimen  taken  for  analysis,  will  show  the  percentage  of 
impurities. 

16.    Silicates  of  Soda  and  Potash. 

A  weighed  quantity  of  the  substance  is  gently  ignited,  until  no  aqueous 
vapours  are  given  off,  and  the  residue  weighed— thus  the  resiMJctive  per- 
centages of  water  and  auhydrouB  material  are  obtained. 

F  2 
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Another  portion  of  the  substance  is  dissolved  in  hot  water,  and  titrated 
with  litmus  and  normal  acid  boiling,  or  with  methyl  orange  after  cooling.  The 
volume  of  ucid  is  calculated  to  soda  or  potash.  Solid  alkaline  silicates  require 
to  be  fiuelj'  powdered  previous  to  solution  in  hot  water. 

17.    Soap. 

The  methods  here  given  are  a  combination  of  those  published 
by  A.  R.  Leeds  (C  N.  xlviii.  166)  and  C.  R.  A.  Wright  (Joum, 
Soc,  Arts,  1885,  1117,  also  J.  S.  C,  I.  iv.  631),  and  others. 

(1)  Moisture  and  Volatile  Matters. — 15  gm.  are  dried  to  a  constant 
weight,  first  at  100",  then  at  IW  C. 

(2)  Free  Fats. — Residue  of  (1}  is  exhausted  inaSoxhlet  tube,  with  light 
petroleum  ether,  and  the  extract,  after  evaporation  of  the  ether,  weighed. 

(3)  Fatty  Acidty  Chlorides,  SulphateSy  Glycerine^  etc. — The  residue 
from  (2),  which  has  been  treated  with  ether,  represents  15  gm.  soap;  it  is 
weighed,  and  two-thirds  of  it  are  dissolved  in  water,  and  normal  nitric  acid 
added  in  excess  to  separate  the  fatty  acids.  These  are  collected  on  a  tared 
filter,  dried,  and  weighed.  The  acid  filtrate  is  now  titrated  with  normal  soda 
or  potash  (free  from  chlorides  or  sulphates),  with  phenolphthalein  as  indicator; 
the  difference  between  the  volumes  of  acid  and  alkali  used  gives  roughly  the 
total  alkali.  The  residual  neutral  liquid  is  divided  into  two  equal  parts,  in 
one  of  which  chlorine  is  estimated  with  yV  silver  and  chromate,  and  in  the 
other  sulphuric  acid  by  normal  baric  chloride.  If  glycerine  is  present, 
it  may  bo  estimated  by  Muter's  copper  test  in  the  absence  of  sugar. 
Sugar  is,  however,  often  largely  used  in  transparent  soaps  in  place  of 
glycerine;  when  both  are  present,  the  separate  estimation  is  difficult,  but 
Wright  suggests  the  method  of  Fehling  for  the  sugar,  first  inverting 
with  acid ;  the  copper  retained  in  solution  by  the  glycerine  being  estimated 
colorimetrically,  using  for  comparison  a  liquid  containing  both  sugar  and 
glycerine  to  known  extents,  treated  side  by  side  with  the  sample  tested. 

(4)  Free  and  Total  Alkali. — These  are  obtjiined  by  W  r  i  g  h  t '  s  alcohol  test. 
Tnvo  or  three  grams  of  the  soap  are  boiled  with  95  per  cent,  alcohol,  the  extract 
filtered  off  and  residue  ^\'ashed  with  alcohol.  The  solution  so  obtained  may 
be  either  positively  alkaline  with  caustic  alkali,  or  negatively  alkaline  from 
the  presence  of  fatty  acids  or  a  diacid  soap,  according  to  the  kind  of  soap 
used.  Phenolphthalein  is  added,  which  shows  at  once  whether  free  alkali  is 
present,  and  in  accordance  with  this  either  standard  alcoholic  acid  or  alkali  is 
used  for  titration.  The  residue  on  the  filter  is  then  dissolved  in  water,  and 
titrated  with  normal  or  decinormal  acid ;  the  alkali  so  found  may  include 
carbonate,  silicate,  borate,  or  aluminate  of  soda  or  potash,  and  also  any 
soluble  lime.  The  sum  of  the  two  titrations  will  be  the  total  alkalinity  in 
case  both  showed  an  alkaline  reaction ;  if  otherwise,  the  alkali  used  to 
produce  a  colour  in  the  alcoholic  extract  is  deducted  from  the  volume  of  acid 
used  in  the  water  extract.  This  method  of  taking  the  alkalinity  of  a  soap 
is  very  fairly  exact;  the  error  ought  never  to  exceed  +  0*5  per  cent, 
J.  A.  Wilson  {C.  N.  \\\.  280)  states  that  the  estimation  of  free  caustic 
alkali  in  high  class  soaps,  containing  no  free  glycerides,  by  the  alcoholic 
method  is  correct,  but  in  the  case  of  common  commercial  soaps  it  is 
entirely  misleading. 

(5)  Combined  Alkali. — Wilson  (C.  JSf.  Ixiv.  205)  proceeds  as  follows: — 
1.  The  alkali,  in  all  forms,  is  determined  by  titration  with  standard  acid  in  the 
usual  manner.  2.  Another  weighed  quantity  of  the  soap  is  decomposed  in  an 
Erlenmoyer  flask  with  a  slight  excess  of  diluto  H'-'SO'*,  and  the  flask  kept 
on  the  water-bath  till  the  fatty  acids  separate  quite  clear.  The  flask  is  then 
placed  in  ice-water  to  cool,  and  then  filtered.  The  fatt}'  acids  are  washed  three 
times  successively  with  250  c.c.  of  boiling  water  and  allowed  to  cool  each  time 
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and  filtered.  The  united  filtrates  are  diluted  to  1  liter,  and  500  c.c.  placed 
in  a  clear  white  beaker  and  tinted  with  methyl  orange ;  v'^j  alkali  is  then 
dropped  in  till  the  liquid  acquires  the  usual  colour,  after  which  a  little 
phenolphthalein  is  added,  and  the  addition  of  standard  alkali  continued  till 
a  permanent  pink  is  established.  The  number  of  c.c.  used  in  the  latter 
titration  are  due  to  the  soluble  acids,  and  are  calculated  to  ca])rylic  acid. 
The  fatty  acids  in  the  flask,  and  any  little  on  the  filter  are  dried  and 
weighed,  and  then  dissolved  in  alcohol,  and  titrated  witli  ,  alcoholic  alkali. 
The  alkali  so  used,  together  with  that  required  for  neutralization  of  the 
soluble  acids,  and  deducted  from  the  total  alkali,  gives  the  alkali  existing 
in  other  forms  than  as  soap.  Of  course,  if  desired,  the  soap  may  be 
decomposed  with  standard  II^SO*,  and  the  alkali  required  to  neutralize  the 
methyl  orange  noted,  which,  deducted  from  the  total  acid  useil,  would  give 
the  a<?id  equivalent  to  the  alkali  existing  in  all  forms. 

The  method  of  C  Hope  is  undoubtedly  the  quickest  and  best  for  the 
examination  of  the  alcoholic  solution  of  soap.  Two  grams  of  soap  are  dissolved 
in  hot  absolute  alcohol,  a  drop  of  ])henolplithalein  indicator  added,  and  some 
bubbles  of  CO-  passed  through  till  the  colour  disappears.  The  liquid  is 
filtered ;  the  residue,  consisting  of  total  impurities,  is  washed  with  hot  alcohol, 
weighed  and  titrated  with  I'V  acid  and  methyl  orange,  which  gives  the  alkali 
not  existing  Jis  soap.  The  alcoholic  solution  is  evaponited  to  dryness  at 
100^  C.  and  the  dry  soap  weighed.  It  is  then  gently  ignited,  dissolved  in 
wat'er,and  titrat<Hl  with  ^\  nc.'ui  and  methyl  orange  to  find  the  alkali  existing 
as  soap.  The  difference  between  this  and  the  soap  residue,  before  ignition, 
gives  the  fatty  anhydrides,  which  multiplied  by  1'03  gives  the  fatt}'  acids. 
The  water  is  found  by  deducting  the  weights  of  the  impurities  and  dry  soap 
from  100.  Fuller  information  on  this  subject  may  be  found  in  Allen's 
Organic  Analysis  i\\v\  in  Lant  Carpenter's  treatise  on  Soap  and  Candles. 

TITRATION    OF    ALKALINE    EARTHS. 

S  18.  Staxdaiu)  livdrochloric  or  nitric  Jicid  must  in  nil  cases  be 
used  for  the  titration  of  tlie  caustic  or  carbonated  alkaline  earths,  as 
these  are  the  only  acids  yielding  soluble  compounds,  except  in  the 
case  of  magnesia.  The  hydrates,  such  as  caustic  limo,  baryta, 
strontia,  or  magnesia,  may  all  be  estimated  by  any  of  the  indicati^rs, 
using  the  residual  method,  t.e'.,  adding  a  known  excess  of  sUmdard 
acid,  boiling  to  expel  any  trace  of  CO-,  anil  re-titrating  with 
standard  alkali. 

The  car])onates  of  the  same  bases  may  of  course  also  be 
estimated  in  the  same  way,  bearing  in  mind,  that  when  methyl 
orange  is  useil,  the  li<iuid  is  best  cooled  before  re-titration.  All 
heating  may  l>e  avoided  when  using  methyl  orange  in  titrating 
mixtures  of  hydrates  and  carbonates,  or  the  latter  only,  unless  it  is 
imi)ossil)le  to  dissolve  the  substance  in  the  cold.  A  good  excess 
of  acid  is  generally  sufficient. 

The  total  amount  of  base  in  mixtures  of  caustic  and  carbonated 
alkaline  earths  is  also  estimated  in  the  same  way. 

(1)  Estimation  of  Mixed  Hydrates  and  Carbonates. — This  may 
be  done  either  by  phenacetolin  or  phenolphthalein  as  indicator. 
The  former  has  been  recommended  by  Degoner  and  Lunge :  the 
method,  however,  requires  practice  in  order  to  mark  the  exact 
^han^e  of  colour. 
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The  liquid  containing'  the  compound  in  a  fine  state  of  division  is  tinted 
with  the  indicator  so  as  to  be  of  a  faint  vellow;  standard  acid  is  then 
cautiously  added  until  a  permanent  pink  occurs  (at  this  stajje  all  the  hydrate 
is  saturated),  more  acid  is  now  cautiously  added  until  the  colour  becomes  deep 
3'ellow,  the  volume  of  acid  so  used  represents  the  carbonate. 

The  method  is  especially  adapted  to  mixtures  of  calcic  hydrate 
and  carbonate.  It  is  also  applicable  to  barium,  but  not  to 
magnesium,  owing  to  the  great  insolubilit}^  of  magnesic  hydrate  in 
dilute  acid.  If  phenolphthalein  is  used  as  indicator,  the  method 
is  as  follows  : — 

Heat  the  liquid  to  boiling,  and  cautiously  add  standard  acid  until  the  red 
colour  is  just  dis(!harged.  The  carbonates  of  lime  and  baryta,  rendered 
dense  by  boiling,  are  both  quite  neutral  to  the  indicator.  To  obtain  the 
whole  of  the  ba.se,  excess  of  standard  acid  is  used,  and  the  mixture  re-titrated 
with  standard  alkali. 

Magnesia  in  solution  as  bicarbonate  may  be  accurately  estimated 
in  the  cold  with  methyl  orange  as  indicator. 

(2)  Estixxiatioii  of  Calcium,  Barium,  Mafimeiium,  and  Strontium, 
in  Neutral  Soluble  Salts. — The  amount  of  base  in  the  chlorides  and 
nitrates  of  the  alkaline  earths  may  be  readily  estimated  as 
follows : — 

The  weighed  salt  is  dissolved  in  water,  cautiously  neutralized  if  acid  or 
alkaline,  phenolphthalein  added,  heated  to  boiling,  and  standard  sodic 
carbonate  delivered  in  from  time  to  time  vnth.  boiling  until  the  red  colour 
is  permanent. 

Magnesium  salts  cannot  however  be  estimated  in  this  way, 
or  even  mixtures  of  lime  and  magnesia,  as  magnesic  carbonate 
affects  the  indicator  in  a  different  manner  to  the  other  carbonates. 

(3)  PrecipitaUon  of  the  Alkaline  Earths  from  their  Neutral  Salts  as 
Carbonates. — Soluble  salts  of  lime,  barj'ta,  and  strontia,  such  as  chlorides, 
nitrates,  etc.,  are  dissolved  in  water,  and  the  base  precipitat^id  as  carbonate, 
with  excess  of  amnionic  carbonate  and  some  free  ammonia.  The  mixture  is 
heated  to  about  60"  C.  for  a  few  minutes.  The  precipitated  carbonate  is  then 
to  be  filtered,  well  washed  with  hot  water  till  all  soluble  matters,  especiall}' 
ammonia,  are  removed,  and  the  precipitate  with  filter  titrated  with  normal 
acid,  as  already  described. 

Magnesia  salts  require  caustic  soda  or  potash  instead  of  ammonic  carbonate ; 
but  the  process  gives  results  slightly  too  low,  owing  to  the  slight  solubility  of 
magnesic  hydrate  in  the  alkaline  liquid. 

(4)  Lime  and  Magnesia  Carbonates  in  Waters. —  The  amount  of  calcic 
or  calcic  and  magnesic  carbonates,  dissolved  in  ordinary  non-alkaline  waters 
may  be  very  readily,  and  with  accuracy,  found  by  taking  200  or  300  c.c. 
of  the  water,  heating  to  near  boiling,  adding  phenacetolin  or  lacmoid,  and 
titrating  cautiously  with  j^  nitric  or  sulphuric  acid.  An  equally  accurate 
result  may  be  obtained  by  methyl  orange  in  the  cold  liquid. 

(5)  Magnesia. — The  magnesia  existing  in  the  commercial  Stassfurt  salts 
used  for  manures,  etc.,  and  other  soluble  magnesia  salts,  may  very  readily 
be  determined  with  accuracy  by  Stolba's  method,  as  given  for  P-O*  in 
§  24.2,  or  in  all  cases  where  separation  can  be  made  as  ammonio-magnesio 
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phosphate.  The  precipitation  may  be  hastened  considerably  by  precipitatinj^ 
with  microcosmic  salt,  in  the  presence  of  a  tolerably  larpo  proportion  of 
ammonic  chloride,  accompanied  with  vi^rous  etirrin^.  Half  an  hour  quite 
!«uffices  to  brin^  down  the  whole  of  the  double  phosphate,  and  its  adherence 
to  the  sides  of  the  beaker  is  of  no  consequence,  if  the  titration  is  made  in 
the  same  beaker,  and  with  the  same  glass  rod,  using  an  excess  of  standard 
acid,  and  titrating  back  with  weak  standard  ammonia  and  methyl  orange. 

The  precipitate  may  also  be  titrated  with  standard  uranium  (§  72). 
Precht  (Z.  a.  C.  1879,  438)  adopts  the  following  method  for  soluble 
magnesia  salts  in  kainit,  kieserit,  etc.,  depending  upon  the  insolubility  of 
magnetic  hydrate  in  weak  caustic  potash : — 

10  gm.  of  the  substance  are  dissolved,  filtered,  and  mixed  with  25  c.c.  of 
normal  caustic  potash,  if  it  contains  less  than  60  i>er  cent,  of  magnesic 
sulphate ;  or  50  c.c.  if  it  contains  more  than  50  per  cent.  The  mixture  is 
warmed  somewhat,  transferred  to  a  500  c.c.  flask,  and  the  volume  made  up 
with  water.  After  standing  at  rest  for  half  an  hour,  50  c.c.  of  the  clear 
liquid  are  withdrawn,  and  the  excess  of  normal  alkali  estimated  in  the  usual 
way  with  normal  acid.    Ammonium  and  metallic  salts  must  be  absent. 

1  c.c.  normal  pota8h=0'02  gm.  MgO. 

(6)  Hardness  of  Water  estimated  without  Soap  Solution. — As  is 
generally  known,  the  soap-dostroying  power  of  a  water  is  ascertained 
in  Clark's  process  by  a  standard  solution  of  soap  in  weak  alcohol, 
titrated  against  a  standard  solution  of  calcic  chloride.  The 
valuation  is  in  so-called  degrees,  each  degree  being  equal  to  1  grain 
of  calcic  carbonate,  or  its  equivalent,  in  the  imperial  gallon.  The 
process  is  an  old  and  familiar  one,  but  open  to  many  objections 
from  a  scientific  point  of  view.  The  scale  of  degrees  is  arbitrary, 
and  is  seriously  interfered  with  by  the  i)re8ence  of  varying 
proportions  of  magnesia. 

We  are  indebted,  primarily  to  Mohr,  and  siibsecpiently  to 
Heliner,  for  an  ingenious  metho<l  of  determining  both  the 
temjwrary  and  permanent  hardness  of  a  water  without  the  use 
of  soap  solution. 

The  standard  solutions  required  are  ^jj  sodic  carbonate  and 
/(J  sulphuric  acid.  Each  c.c.  of  standard  acid  exactly  neutralizes 
1  m.gm.  of  CaC(.)'^,  and  each  c.c.  of  the  alkali  precii)itates  the  like 
amount  of  CaCO**,  or  its  equivalent  in  magnesia,  in  any  given 
water. 

Process:  100  c.c.  of  the  water  are  tinted  with  an  indicator  of  suitable 
character,  heated  to  near  boiling,  and  standard  acid  cautiously  added  until 
the  proper  change  of  colour  occurs.  Hehner  recommends  phenacetoHn ; 
but  m}'  own  experiments  give  the  preference  to  lacmoid,  which  is  also 
commended  by  Thomson.  Draper  {C.  N.\\.20G)  points  out  the  value 
of  lacmoid  and  carminic  acid  for  such  a  process,  and  I  fully  endorse  his 
opinion  with  respect  to  both  indicators.  Practice  is  desirable  in  onler 
to  recognize  the  precise  end-reaction.  The  number  of  c.c.  of  acid  used 
represents  the  number  of  C 1  a  rk' s  degrees  of  temporary'  hardness  \)or  100,000. 
To  obtain  degrees  per  gallon,  multiply  the  number  of  c.c.  by  0*7.  The 
permanent  hardness  is  ascertained  by  taking  100  c.c.  of  the  water  and  adding 
to  it  a  rather  large  known  excess  of  the  standard  sodic  carbonate.  The 
quantity  must  of  course  be  regulated  by  the  amount  of  sulphates,  chlorides, 
or  nitrates  of  lime  and  magnesia  present  in  the  water ;  as  a  nile,  a  volume 
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equal  to  the  water  will  more  than  suffice.  Evaporate  in  a  platinum  dish  to 
dryness  (glass  or  porcelain  will  not  do,  as  they  affect  the  hardness),  then 
extract  the  soluble  portion  with  small  quantities  of  distilled  water,  through 
a  very  small  filter,  and  titrate  the  filtrate  with  the  standard  acid  for  the 
excess  of  sodic  carbonate :  the  difference  represents  the  permanent  hardness. 

Some  waters  contain  alkaline  carbonates,  in  which  case  there  is 
of  course  no  permanent  hardness,  because  the  salts  to  which  this  is 
due  are  decomposed  by  the  alkaline  carbonate.  In  examining  a 
water  of  this  kind,  the  temporary  hardness  will  be  sliown  to  be 
greater  than  it  really  is,  owing  to  the  alkaline  carbonate ;  and  the 
estimation  for  permanent  hardness  will  show  more  sodic  carbonate 
than  was  actually  added.  If  the  difference  so  found  is  deducted 
from  the  temporary  hardness,  as  first  noted,  the  remainder  will  be 
the  true  temporary  hardness. 


AMMONIA. 

NH^=17. 

§  19.  In  estimating  the  strength  of  solutions  of  free  ammonia 
by  the  alkalimetric  method,  it  is  better  to  avoid  the  tedious  process 
of  weighing  any  exact  quantity,  and  to  substitute  for  it  tlie  following 
plan,  which  is  applicable  to  most  liquids  for  the  purpose  of 
ascertaining  both  their  absolute  and  specific  weights. 

Let  a  small  and  accurately  tared  flask,  beaker,  or  other  convenient  vessel 
be  placed  upon  the  balance,  and  into  it  10  c.c.  of  the  ammoniacal  solution 
delivered  from  a  very  accurately  graduated  10  c.c.  pipette.  The  weight 
found  is,  of  course,  the  absolute  weight  of  the  liquid  in  grams ;  suppose  it  to 
be  965  gm.,  move  the  decimal  point  one  place  to  the  left,  and  the  spe<;ific 
weight  or  gravity  is  at  once  given  (water  being  1),  which  in  this  case  is  0*965. 

It  must  be  borne  in  mind  that  this  system  can  only  be  used  properly  with 
tolerably  delicate  balances  and  very  accurate  pipettes.  The  latter  should 
invariably  be  tested  by  weighing  distilled  water  at  16°  C. 

The  10  c.c.  weighing  9*65  gm.,  are  now  mixed  with  water  and  titrated  with 
normal  acid  of  which  49  c.c.  are  required,  therefore  49  x  0"017=0"833  gm.  NH^ 
=864  per  cent,  of  real  ammonia;  according  to  Otto's  table  0*965  sp.  gr.  is 
equal  to  8'50  per  cent.  Ammonic  carbonate,  and  a  mixture  of  the  same  with 
bicarbonate,  as  it  most  commonly  occurs  in  commerce,  may  be  titrated  direct 
with  normal  acid  for  the  percentage  of  real  ammonia,  using  methyl  orange 
as  indicator.  The  carbonic  acid  can  be  det<?rmined  by  precipitating  the 
solution  while  hot  with  baric  chloride,  and  when  the  precipitate  is  well 
washed,  dissolving  it  with  an  excess  of  normal  acid  and  titrating  backward 
with  normal  alkali ;  the  number  of  c.c.  of  acid  used  multiplied  by  0*022 
(the  i  mol.  wt.  of  CO'-')  will  give  the  weight  of  carbonic  acid  present  in 
the  sample. 

1.    Estimation  of  Combined  Ammonia  by  distillation  with  Alkalies 

or  Alkaline  Earths. 

This  method  allows  of  the  expulsion  of  ammonia  from  all  its 
salts.  Caustic  soda,  potash,  or  lime,  may  any  of  tliem  be  used 
where  no  organic  nitrogenous  compound  exists  in  the  substance ; 
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but  should  such  ho  the  case,  it  is  preferable  t<.^  use  freshly  ignit<*d 
magnesia. 

The  distilling  apparatus  may  conveniently  be  arranged  by  con- 
necting an  ordinary  well-stoppered  small  retort  to  a  small  Liebig 
condenser,  and  leading  the  distilled  gas  into  a  vessel  containing  an 
excess  of  normal  acid  After  the  operation  is  ended,  the  excess 
of  acid  is  ascertiiined  by  residual  titnition  with  normal  alkali  or 
5  ammonia,  and  thus  the  amount  of  displaced  ammonia  is  found. 

The  retort  must  be  so  supi)orted  that  its  neck  inclines  well 
upwanls,  in  order  that  any  alkali  mechanically  carried  into  it  by 
the  spray  which  occurs  during  ebullition  shall  not  reach  the 
condenser.  An  angle  of  about  30'  suflices;  and  in  ortler  that  a 
convenient  connection  may  be  made  with  the  condenser,  the  end  of 
the  retort  is  bent  downward,  and  the  connection  securelv  made  with 
india-rubber  tubing.  In  like  manner,  the  end  of  the  condenser  is 
elongated  by  a  glass  tube  and  india-nibber  joint,  s<^  that  the  tube 
dips  into  a  two-necked  bottle  or  bulb,  contiiining  the  measured 
normal  acivl ;  the  end  of  this  tube  should  be  <;ut  oblicjuely,  and 
reach  nearly,  but  not  (juite,  to  the  surface  of  the  acid.  The  outl(*t 
of  the  receiver  is  Htted  with  a  tube  containing  glass  wool,  broken 
glass,  or  fibrous  asbestos,  wetted  with  a  portion  of  the  normal 
acid,  so  that  any  traces  of  ammonia  which  may  j»ossibly  escape 
condensation  in  the  bulk  of  the  acid  may  be  retained. 

The  retort  containing  the  ammoniacal  compound  in  solution 
being  securely  lixed,  and  all  the  apparatus  tightly  conne<'ted,  the 
stoi>per  of  the  retort  is  removed,  and  a  strong  solution  of  caustic 
alkali,  or,  in  case  of  compounds  in  which  ammonia  is  quickly 
released,  pieces  of  solid  alkali  are  rapidly  introduced,  the  stopper 
inserted,  and  the  distillation  forthwith  commenced.  Lime  or 
magnesia,  suspended  in  water,  must  be  added  through  a  small 
funnel ;  the  distillation  is  continued  until  the  steam  has  washed  all 
traces  of  ammonia  out  of  the  condenser  tube  into  tlu^  normal  acid. 
Cold  water  is  of  course  run  continuously  through  the  condenser  as 
usual.  Finally,  the  tubes  connecUnl  with  the  re(!oiver  are  well 
WiX-shed  out  into  the  bulk  of  normal  acid,  methyl  orange  added,  and 
the  titration  completed  with  normal  alkali  or  ?  ammonia. 

Each  c.c.  of  normal  acid  neutralized  by  the  displaced  ammonia 
represents  0*017  gni.  SllK 

The  apparatus  shown  in  fig.  28  is  of  great  value  in  detennining 
accurately  all  the  forms  of  ammonia  which  can  l)e  displaced  by 
soda,  potash,  or  lime,  and  the  gas  so  evolved  (collected  in  a  known 
volume  in  excess  of  normal  acid,  the  excess  of  acid  being  after- 
wards found  by  residual  titration  with  normal  alkali  or  J  ammonia. 

Many  modifications  of  this  apparatus  have  been  suggested,  such 
as  the  introduction  of  a  condenser  between  the  two  Ihisks  to  cool 
the  distillate ;  another  is  the  use  of  a  (J  tube  containing  some 
standard  acid  in  j>lace  of  r.  I  do  not  find  that  any  of  these 
modifications  are  recjuired  to   secure  accuracy,   if   the   apparatus 


74  VOLOMETRIC   ANALYSIS.  g    Iff.l 

is  tightly  titU'il.      It  is  nei^essary  that  a  bulb  should    exist  i 
the   distilling  tubo,  just  iibovK  the  cork  of   the  dietiUing  tUuk,! 
ntlierwise  the  §pray  from  the  Iwiling  litjuid  is  oeciisionftlly  pnijecteiil 
into  the  tube,  and   ie   blown  over   with  the   coudensod   stcaiii.J 


Aiiotln--r  iirei^iitioii  ia  adviiable  where  dilute  liquids  ure  boiled,;  J 
iLud  miieh  sl«ara  generot«J,  thnt  is,  to  immerse  tlie  condeiiaet  flnsfcl 
in  cold  wiiti^r,  1 

The  little  fln'k,  h(iUi(i|{  about   2UD   ex.  mid  }>lui-«d   uimn  the  win 
)^iuw,  oonlaiM  the  ainmuaiacul  Bututauce.    Th*>  tuli«  d  in  filled  with  strong 
Militlion  oC  imiistic  potAsh  or  eodn.     Tho  litr^in^  flask  holdit  alraut  hulf  a  liter, 
and  cniitaioa  n  measured  qimutil  j  of  normal  add,  part  beiiix  coutnined  in 
Ihs  tubec,  nhidi  ih  filled  nitb  Klof^wool  or  broken  gloss.aiid  through  which  i 
the  nnrmnl  acid  hue  been  pcnired.    Tlie  stoppera  of  the  lliuike  slianld  ba^ 
luoatchouc,  tailing  which,  good  corks  soaked  in  melted  purafitu  nmy  be  I 
wed. 

The  rabstance  to  b«  oxuniined  is  weighed  or  nieuMired,  aud  put  ii 
distilling  fliuk  witli  a  little  irntor,  tliB  a]>pomtLi!i  then  beings  made  ti^bt  i^B 
every  [lart ;  wiiio  of  the  oiiistio  iilkiili  is  allownd  to  flow  in  bj-  npeiiiog  tV 
dip,  Bud  tb«  gas  or  ifpirit  lamp  i«  lighted  under  it. 
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Tho  content^  aro  brought  to  j^ntle  boiling?,  takinjc  care  that  the  froth,  if 
any,  does  not  enter  the  distilling  tube.  It  in  well  to  use  a  movable  pw 
burner  or  common  spirit  lamp  held  under  the  flank  in  the  hand;  incase 
there  is  any  tendency  to  boil  over,  the  heat  can  be  removed  immediately,  and 
tho  flask  blown  upon  by  the  breath,  which  reduces  the  pressure  in  a  moment. 
In  examining  guano  and  other  8ul)8tance8  containing  ammoniacal  mlts  and 
organic  matter  by  this  means,  the  tendency  to  frothing  is  considerable ;  and 
unless  tlie  above  precautions  are  taken,  the  accuracy  of  the  results  will  be 
interfered  with.  A  small  piece  of  bee's  wax  or  solid  paraflin  is  very 
serviceable  in  allaying  the  froth. 

The  distilling  tube  has  both  ends  cut  obliquely  ;  and  the  lower  end  nearly, 
but  not  quite,  reaches  to  the  surface  of  the  acid,  to  which  a  little  methyl 
orange  may  be  added.  The  quantitv  of  normal  acid  used  must,  of  course,  bo 
more  than  suflicient  to  combine  witii  the  ammonia  produced  ;  the  excess  is 
afterwards  ascertained  by  titration  with  normal  alkali  or  J  ammonia. 

It  is  advisable  to  continue  the  boiling  for  say  ten  or  fifteen  minutes, 
waiting  a  minute  or  two  to  allow  all  the  ammonia  to  be  absorbed ;  then  o|)ening 
the  clip,  blow  through  the  pipette  so  as  to  force  all  the  remaining  gas  into 
the  acid  flask.  The  tube  e  must  bo  thoroughly  washed  out  into  the  flask 
with  distilled  water,  so  as  to  carry  down  the  acid  with  any  combine<l  gas  which 
may  have  reached  it.  The  titration  then  proceeds  as  usual.  This  process 
is  particularly  serviceable  for  testing  commercial  ammoniacal  salt<,  gis 
liquor,  etc.  (see  below).    The  results  are  extremely  accurate. 

2.    Indirect  Method. 

In  the  case  of  tolerably  pure  ammoniacal  salts  or  liquiils,  free 
from  acid,  or  in  which  the  free  acid  is  previously  estimated, 
a  simple  indirect  metliod  can  he  used,  as  follows  :-- 

If  the  ammoniacal  salt  be  boile<l  in  an  open  vessel  with  normal  caustic 
alkali,  the  ammonia  is  entirely  set  free,  leaving  its  acid  combined  with  the 
fixed  alkali.  If,  therefore,  the  ({uantitv  of  alkaline  solution  is  known,  tho 
excess  beyond  that,  necess-'iry  to  supplant  the  ammonia,  may  be  found  by 
titration  with  standard  acid.  The  )x>ilin^  of  the  mixture  nuist  ])e  continued 
till  a  piece  of  red  litmus  paper,  held  in  the  steam  from  the  flask,  is  no  longer 
turned  blue. 

Examph  :  1*5  gm.  of  purest  sublimed  ammonic  chloride  was  placed  in  a 
wide-mouthed  flask  with  44)  c.c.  of  normal  soda,  and  boiled  till  nil  ammonia 
was  exi>elled,  then  titrateil  back  with  normal  sulphuric  acid,  of  which 
11*9  v.Q.  were  re4iuired ;  28"  1  c.c.  of  nonnal  alkali  had  therefore  been 
neutralized,  which  multiplied  by  0*05337,  the  factor  for  ammonic  chloride, 
gave  1*409  gm.,  instead  of  1*5  gm.  originally  taken. 

3.    Teohnloal  Analysis  of  Qms  Liquor,  Sulphate  of  Anxmonia,  Sal 
Ammoniac,  eto.,  arranged  for  the  use  of  Manufacturers. 

Tills  process  depends  upon  the  fact,  that  when  ammoniacal  salts 
are  heated  with  caustic  soda,  potash,  or  lime,  th«^  whole  of  the 
ammonia  is  expelled  in  a  free  state,  ami  nmy  hy  a  suit^hle  ai)paratu8 
(fig.  29)  be  estimated  with  extreme  accuracy  (see  i^  19.  1). 

The  set  of  apparatus  here  described  consists  of  a  distilling  llask 
B,  and  condensing  flask  F,  fittetl  together  in  such  a  manner,  that  no 
loss  of  free  ammonia  can  occur ;  the  whole  of  the  ammonia  heing 
liberated  from  the  distilling  flask  into  a  measured  quantity  of  free 
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acid  contained  in  the  condensing  flask,  where  its  amount  is  after- 
wards found  by  the  method  hereinafter  described. 

Analysis  of  Ckis  Liquor. — This  liquid  consists  of  a  solution  of 
carbonates,  sulphates,  hyposulphites,  sulphides,  cyanides,  and  other 
salts  of  ammonia.  The  object  of  the  ammonia  manufacturer  is  to 
get  all  these  out  of  his  liquor  into  the  form  of  sulphate  or  cldoride 
as  economically  as  possible.  The  whole  of  the  ammonia  existing 
as  free  or  carbonate  in  the  liquor,  can  be  distilled  off  at  a  steam 
heat ;  the  fixed  salts,  however,  require  to  be  heated  with  soda, 
potasli,  or  lime  (the  latter  is  generally  used  on  a  large  scale  as  most 
economical),  in  order  to  liberate  the  ammonia  contained  in  them. 

The  valuation  of  gas  liquor  is  almost  universally  made  in  Great 
Britain  by  Twaddle's  hydrometer,  every  degree  of  which  is  taken 
to  represent  what  is  technically  called  "two-ounce  strength;"  that  is 
to  say,  a  gallon  of  such  liquor  should  neutralize  exactly  two  ounces  by 
weight  of  concentrated  oil  of  vitriol — thus  5  degrees.  Twaddle,  is 
called  "  ten-ounce  "  liquor — but  experiment  has  clearly  proved,  that 
although  the  hydrometer  may  be  generally  a  very  convenient 
indicator  of  the  commercial  value  of  gas  liquor,  it  is  not  accurate 
enough  for  the  manufacturer  who  desires  to  work  with  the  utmost 
economy.  Sometimes  the  liquor  contains  a  good  deal  of  free 
ammonia,  and  in  such  case  the  hydrometer  would  show  it  to  be 
weaker  than  it  really  is ;  on  the  other  hand,  sometimes,  from 
accidental  causes,  other  solid  matters  than  ammonia  salts  occur  in 
the  liquor,  and  the  hydrometer  shows  it  to  be  stronger  than  it  really 
is.  The  method  of  saturation,  by  mixing  sttxndard  acid  with  the 
liquor,  is  perhaps  more  correct  than  the  hydrometer;  but  this 
system  is  entirely  at  fault  in  the  presence  of  much  fixed  ammonia, 
and  is,  moreover,  a  very  offensive  and  poisonous  operation. 

The  apparatus  here  described  is  exactly  the  same  on  a  small 
scale  as  is  necessary  in  the  actual  manufacture  of  sulphate  of 
ammonia  in  quantities ;  and  its  use  enables  any  manufacturer  to 
tell  to  a  fraction  how  much  sulphate  of  ammonia  he  ought  to 
obtoin  from  any  given  quantity  of  gas  liquor.  It  also  enables  him 
to  tell  exactly  how  much  ammonia  can  be  distilled  off  with  heat 
alone,  and  how  much  exists  in  a  fixed  condition  requiring  lime. 

The  measures  used  in  this  process  are  on  the  metrical  system ; 
the  use  of  these  may,  j)erhaps,  at  first  sight  appear  strange  to 
English  manufacturers ;  but  as  the  only  object  of  the  process  is  to 
obtain  the  percentage  of  ammonia  in  any  given  substance,  it  is 
a  matter  of  no  importance  which  system  of  measures  or  weights  is 
used,  as  when  once  the  percentage  is  obtained,  the  tables  will  at 
once  show  the  result  in  English  terms  of  weight  or  measure. 

a  is  a  small  jiipette,  holding  10  cubic  centimeters  lo  the  mark  in  neck : 
this  is  the  invariable  quantity  of  liquor  used  for  the  analysis,  whatever  the 
strength  may  be.  This  measure  is  filled  to  the  mark  by  suction  and 
transferred,  without  spilling  a  drop,  to  flask  B— the  fittings  being  previously 
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removed  —  the  tube  C  is  then  tilled  in  the  same  manner,  with  stronj^ 
caustic  soda  solution  from  a  clean  cup  or  other  vessel,  in  order  to  do 
which,  the  clip  at  the  top  must  be  opened  :  the  cork  is  then  replaced,  and 
the  flask  B  is  then  securely  imbedded  in  perfectly  dry  sand,  in  the  sand- 
bath  J).  The  graduated  pipette  E  is  then  filled  in  the  same  manner  to 
the  O  mark,  with  standard  acid,  and  20,  30,  40,  or  50  c.c.  (according 
to  the  estimated  strength  of  the  liquor)  allowed  to  flow  into  the  flask  F, 
through  the  cup  G,  which  is  filled  with  broken  glass  placed  on  a  layer  of 
glass  wool  or  fibrous  asbestos.  The  broken  glass  should  be  completely 
wetted  with  the  acid,  so  that  any  vapours  of  ammonia  which  may  escape 
the  acid  in  the  flask  shall  become  absorbed  by  the  acid.  The  quantity 
of  standard  acid  to  be  used  is  regulated  by  the  approximately  known 
strength  of  the  liquor,  which  of  course  can  be  told  by  Twaddle's 
hydrometer:  thus,  for  a  liquor  of  3*  Twaddle=6-oz.  liquor,  20  c.c. — 
8-oz.,  25  c.c. — 10-oz.,  30  c.c.  of  acid  will  be  sufficient — but  there  must 
always  be  an  excess.  The  required  quantity  can  always  be  approx- 
imatel}'  known,  since  every  10  c.c.  of  acid  represents  1  per  cent,  of 
ammonia.  The  standard  acid  having  been  carefully  passed  through  G, 
the  apparatus  is  fitted  together  at  H  by  the  elastic  tube,  and  the  india-rubber 
stoppers  securely  inserted  in  both  flasks ;  this  being  done,  the  lamp  is 
lighted  under  the  sand-bath,  and  at  the  same  time  the  spring-clip  on  C  is 
pressed,  so  as  to  allow  about  two-thirds  of  the  caustic  soda  to  flow  into  B ; 
the  rest  will  gradually  empty  itself  during  the  boiling.  The  heat  is  continued 
to  boiling,  and  allowed  to  go  on  till  the  greater  bulk  of  the  liquid  in  B 
is  boiled  away  into  F.  A  quarter  of  an  hour  is  generally  sufficient  for  this 
purpose,  but  if  the  boiling  is  continued  till  the  liquid  in  B  just  covers  the 
bottom  of  the  flask,  all  the  ammonia  will  have  gone  over  to  F;  during 
the  whole  operation  the  distilling  tube  must  never  dip  into  the  acid  in  F. 
In  order  to  get  rid  of  the  last  traces  of  ammonia  vapour  out  of  B,  the  lamj» 
is  removed,  and  the  mouth  being  applied  to  the  tube  over  the  spring-clip, 
the  latter  is  opened,  and  a  good  blast  of  air  immediately  blown  through. 
The  apparatus  may  then  be  detached  at  H  ;  distilled  or  good  boiled  drinking 
water  is  then  poured  repeatedly  through  G  in  small  quantities,  till  all  traces  of 
acid  are  removed  into  fljisk  F.  This  latter  now  contains  all  the  ammonia  out  of 
the  sample  of  liquor,  with  an  excess  of  acid,  and  it  is  necessary  now  to  find  out 
the  quantity  of  acid  in  excess.  This  is  done  by  means  of  the  burette  I,  and 
the  standard  solution  of  soda,  which  soda  is  of  exactly  the  same  strength  as 
the  standard  acid.  In  order  to  find  out  how  much  of  the  standard  acid  has  been 
neutralized  by  the  ammonia  in  the  liquor  distilled,  the  burette  I  is  filled  to  0 
with  standard  soda,  and  one  drop  of  methyl  orange,  or  a  sufficiency  of  any 
other  indicator, other  than  plienolphthalein,  being  added  to  the  cooled  contents 
of  flask  F,  the  soda  is  slowly  dropped  into  it  from  the  burette,  with  constant 
shaking,  until  the  indicator  changes  colour.  The  number  of  c.c.  of  soda  so 
used,  deducted  from  the  number  of  c.c.  of  standard  acid  used,  will  show 
the  number  neutralized  by  the  ammonia  in  the  liquor  distilled ;  therefore,  if 
the  number  of  c.c.  of  soda  used  to  destroy  the  pink  colour  be  deducted 
from  the  number  of  c  c.  of  standard  acid  originally  used,  it  will  show  the 
number  of  c.c.  of  standard  acid  neutralized  by  the  ammonia,  which  has  been 
distilled  out  of  the  liquor,  and  the  strength  of  the  solutions  is  so  arranged 
that  this  is  shown  without  any  calculation.  The  following  examples  will 
suffice  to  show  this  : — Suppose  that  a  liquor  is  to  be  examined  which  marks 
5°  Twaddle,  equal  to  10-ounce  liquor  ;  10  c.c.  of  it  are  distilled  into  30  c.c. 
of  the  standard  acid,  and  it  has  afterwards  required  6  c.c.  of  standard 
soda  to  neutralize  it ;  this  leaves  24  c.c.  as  the  volume  of  acid  saturated 
by  the  distilled  ammonia,  and  this  represents  2*4  per  cent. ;  and  on  referring 
to  the  table  it  is  found  that  this  number  corresponds  to  a  trifle  more  than 
11  ounces,  the  actual  figures  being  2384  i)er  cent,  for  11  ounce  strength. 

The  strength  of   the   standard   soda   and   acid  solutions  is  so 
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arranged,  tluit  when  10  c.c.  of  li(iuor  are  distilled,  every  10  e.e.  of 
acid  solution  represents  1  per  cent,  of  ammonia  in  the  licpior.  In 
like  manner  13  c.c.  of  acid  will  represent  1*3  per  cent,  of  ammonia 
correspomling  to  6-ounco.  liquor. 

The  l)urette  is  tlivided  into  tenths  of  a  cul)ic  centimeter,  an<l 
those  who  are  familiar  with  decimal  (Calculations  can  work  out  the 
results  to  the  utmost  point  of  accuracy  ;  the  calculation  being,  that 
every  1  per  cent,  of  ammonia  requires  4*61  ounces  of  concentrated 
oil  of  vitriol  (sp.  gr.  1  '845)  per  gallon,  to  convert  it  into  sulphate  : 
thus,  supjM^se  that  10  c.c.  of  any  given  li([Uor  have  been  distilled, 
and  the  quantity  of  acid  required  amounts  to  l.'^'G  c.c,  this  is 
1*86  ])er  cent.,  and  the  ounce  strength  is  shown  in  ounces  and 
decimal  parts  as  follows  : — 

4-61 
l-8r3 


276() 

3688 
461 


8 •5746  ounces  of  oil  (»f  vitriol. 


The  li(pior  is  therefore  a  trith^  over  8  J -ounce  strength. 

Spent  Liquors. — It  is  frequently  necessary  to  ascertain  the 
|>ercentige  of  ammonia  in  spent  litjuors,  to  see  if  tlie  w<»rkmen 
have  extracted  all  the  available  ammonia.  In  this  case  the  same 
measure,  10  c.c.  of  the  spent  licpior,  is  taken,  and  the  operation 
conducted  precisely  lus  in  the  case  of  a  gas  li(pior. 

Kxamph :  10  c.c.  of  a  si»ent  liquor  were  distilled,  and  fouud  to  neutralize 
3  c.c.  of  acid  :  this  represents  three-tenths  of  a  per-cent.  equal  to  1-oz.  and 
four-tenths  of  an  ounce,  or  nearly  1^  oz.  Such  a  liquor  is  t<M>  viiluahle  to 
throw  awa\',  and  should  be  worke<l  longer  to  extract  more  amnionin. 

Process  for  Sulphate  of  Ammonia  or  Sal  Ammoniac :  An  averaf^e 
sample  of  the  salt  beinif  drawn,  ten  g^rauis  are  wei^'hed,  tnuisferred  witliout 
loss  to  a  bcjiker  or  a  fla^jk  having  a  100  c.c.  mark  upon  it,  distilled  or  boiled 
drinkinjc  water  jwurcd  on  it,  and  well  stirred  till  dissolved,  and  finally 
water  added  exactly  to  the  mark.  The  10  c.c.  measure  is  then  filled  with 
the  solution,  and  emptied  into  the  distilling  flask  15;  30  c.c.  of  standard 
acid  are  put  into  (lask  F  and  the  distillation  carried  on  i»rocisely  as  in 
the  case  of  a  gas  liquor.  The  number  of  c.c.  of  standard  acid  required 
shows  directly  the  ))erceDtage  of  ammonia ;  thus,  if  24'G  c.c.  are  used  in 
the  case  of  sulphate,  it  contains  24'G  per  cent,  of  ammonia. 

The  liquors  when  tested  must  be  measured  at  ordinary  tempera- 
tures, say  as  near  to  60**  F.  as  possible.  The  stindard  solutions 
must  be  kept  closely  stoppered  and  in  a  cool  place. 

The  following  tables  is  given  to  avoid  calculations ;  of  course,  it 
"vnll  be  understooil  that  the  figures  given  are  on  the  assumption 
tliat  the  whole  of  the  ammonia  contained  in  the  liquor  is  extracted 
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in  the  manufacture  as  closely  as  it  is  in  the  experiment.  With  the 
most  perfect  arrangement  of  jilant,  however,  this  does  not  as  a  rule 
take  place ;  but  it  ought  to  be  very  near  the  mark  with  proper 
apparatus,  and  care  on  the  part  of  workmen. 


Approxi- 
mate 
measure  of 

Standard 
Acid  in  c.c. 
and  tenths. 

Percentage 

of  Ammonia 

NHa 

•2168 

Ounce 
strength 

per 
gallon. 

1 

Weight  of  Sulphuric  Acid  in  pounds 

and  decimal  parts  required  for  each 

gallon  of  liquor. 

Yield  of 

Sulphate 

I>er  gallon  in 

lbs.  and 

decimal 

ports. 

C.  O.  V. 
169^  Tw. 

•0625 

B.  0.  V. 

144"^  Tw. 

Chamber 

Acid 
120  Tw. 

22 

•0781 

•0893 

•0841 

4-3 

•4336 

2 

•1250 

•1562 

•1786 

•1682 

6-5 

•6504 

3 

•1875 

•2343 

•2679 

•2523 

8-7 

•8672 

4 

•2500 

•3124 

•3572 

•3364 

101 

10840 

•3125 

•3905 

•4465 

•4205 

13-0 

1-3(XK) 

6 

•3750 

•4686 

•5358 

•5046 

15-2 

1-5176 

7 

•4375 

•5467 

•6251 

•5887 

17-3 

17344 

8 

•5000 

•6248 

•7144 

•6728 

19-5 

19512 

9 

•5625 

•7029 

•8037 

•7569 

21-7 

21680 

10 

•62EO 

•7810 

•8930 

•8410 

23-8 

2384(J 

11 

•6875 

•8591 

-9823 

•9251 

260 

2G016 

12 

•750O 

•9372 

1-0716 

1-0092 

28*2 

2-8184 

13 

•8125 

1-0153 

1-1609 

1-0933 

30-4. 

30350 

14 

•8750 

10934 

1-2502 

1-1774 

32-5 

3-2520 

15 

-9375 

11715 

1-3395 

1-2615 

31-7 

3-4688 

16 

1-0000 

1-2496 

1-4288 

1-3456 

36-9 

3-6856 

17 

1-0625 

1-3277 

1-5181 

1-4297 

390 

3-9024 

18 

1-1250 

1-4058 

1-6074 

15138 

41-2 

41192 

19 

ri875 

1-4839 

1-6967 

15979 

43-3 

4-3360 

20 

1-2500 

1-5620 

1-7860 

1^6820 

The  weight  of  sulphuric  acid  being  given  in  decimals  rendei's  it 
very  easy  to  arrive  at  the  weight  necessary  for  every  thousand 
gallons  of  H([Uor,  by  simply  moving  the  decimal  point ;  thus  8-oz. 
li(iUor  would  re(iuire  500  lbs.  of  concentrated  oil  of  vitriol,  625  lbs, 
of  brown  oil  of  vitriol,  or  714^  lbs.  chamber  acid  for  every  1000 
gallons,  and  should  yield  in  all  cases  672*8  (say  673)  lbs.  of 
sulphate. 

4.    Combined  Nitrogren  in  Org>anic  Substances. 

The  old-fashioned  process  consists  in  heating  the  dried  substance 
in  a  combustion  tube  with  soda  lime,  by  which  the  nitrogen  is  con- 
verted into  ammonia;  and  tliis  latter  being  led  into  a  measured 
volume  of  normal  acid  contained  in  a  suitable  bulb  apparatus, 
combines  with  its  e(iuivalent  ([uantity ;  the  solution  is  then 
titrated  residually  with  standard  alkali  for  the  excess  of  acid, 
and  thus  the  quantity  of  ammonia  found. 

As  the  combustion  tube  with  its  arrangements  for  organic 
analysis  is  well  known,  and  described  in  any  of  the  standard  book.s 
on  general  analysis,  it  is  not  necessary  to  give  a  description  here. 


§19.  AMMONIA.  81 

6.    KJeldahl'B   Method. 

This  has  met  with  considerable  acceptance  in  lieu  of  the 
combustion  method,  on  account  of  its  easy  management  and 
accurate  results.  Unlike  the  combustion  method,  the  ammonia  is 
obtained  free  from  organic  matters  or  colour,  and  moreover  salts  of 
ammonia  and  nitrates  may  be  estimated  with  extreme  accuracy. 
It  w^as  first  described  by  Kjeldahl  {Z.  a.  C.  xxii.  3GG),  and  has 
since  been  commented  upon  by  many  operators,  among  whom  are 
Warington  (C.  N.  lii.  162),  Pfeiffer  and  Lehmann  (Z.  a.  C. 
xxiv.  388),  ^liircker  and  others  (Z,  a.  C.  xxiii.  553;  xxiv. 
199,393;  xxv.  149,  155;  xxvi.  92;  xxvii.  222,  398);  (Running 
{idem  xxviii.  188);  Arnold  and  Wedermeyer  (idem  xxxi.  525); 
and  recently  by  Bernard  Dyer  (/.  C.  S,  Ixvii.-viii.  811). 

The  original  process  consisted  in  heating  the  nitrogenous  substance 
in  a  Hask,  with  concentrated  sulphuric  acid,  to  its  boiling  point, 
and  when  the  oxidation  through  the  agency  of  the  acid  is  nearly 
completed,  adding  linely  powdered  permangajiate  of  potash  in  small 
<|uantities  till  a  green  or  pink  colour  remains  constant ;  the  whole 
of  the  nitrogen  is  thus  converted  into  ammonic  sulphate.  The 
flask  is  then  cooled,  diluted  wuth  water  somewhat,  excess  of 
caustic  soila  added,  the  ammonia  distilled  ofi*  into  standard  acid, 
and  the  amount  found  by  titration  in  the  usual  way. 

Some  practical  ditticulties  occurred  in  the  process  as  originally 
devised ;  and,  moreover,  with  some  organic  substances  a  very 
long  time  was  required  to  destroy  the  carbon  set  free  by  the 
strong  acid. 

Another  difficulty  was,  that  if  nitrates  were  present  in  the 
compound  analyzed  their  reduction  to  ammonia  was  not  certain  nor 
regular,  and  unless  this  difficulty  could  be  overcome  the  value  of 
the  process  was  limited. 

The  experience  of  many  hundreds  of  operators  since  this 
method  was  first  introduced  has  resulted  in  rendering  it  as  perfect 
as  need  be,  and  the  results  of  this  experience  in  all  essential 
particulars  will  now  be  described,  omitting  the  det;iils  as  to  some 
of  the  special  forms  of  apparatus,  and  which  are  not  absolutely 
essential.  The  method  re<piires  the  following  re-agents  and 
apparatus : — 

1 .  Standard  acid,  which  may  bo  either  sulphuric  or  hydrochloric ; 
a  convenient  strength  is  semi-normal. 

2.  Standard  alkali,  either  ammonia,  soda,  or  potash,  of  corres- 
ponding strength  to  the  acid. 

3.  Concentrated  sulphuric  acid  free  from  nitrates  and  ammonic 
sulphate.* 

•  Commercial  oil  of  vitriol  frequently  contains  ammonia,  owing:  to  the  fact  that 
makers  sometimes  add  ammonic  sulphate  during  concentration  in  order  to  get  rid  of 
nitrous  compounds.  Meldola  and  Moritz  state  that  any  traces  of  ammonia  may  be 
destroyed  by  digesting  the  acid  for  two  or  three  hours  at  a  temperature  below  boiling 
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4.  Mercuric  oxide  prepared  in  the  wet  way  or  metallic 
mercury. 

5.  Powdered  potassic  sulphate. 

6.  Granulated  zinc. 

7.  Solution  of  potassic  sulphide  in  water,  40  gm.  in  the 
liter. 

8.  A  saturated  solution  of  caustic  soda  free  from  nitrates  or 
nitrites. 

9.  An  indicator — litmus,  methyl  orange,  or  cochineal  are 
suitable,  but  any  other  except  phenolphthalein  may  be  used. 

10.  Digestion  flasks  with  long  neck  and  round  bottom,  holding 
about  200 — 250  c.c.  These  flasks  should  be  well  annealed  and 
not  too  thick,  preferably  made  of  Jena  glass — the  neck  about 
^  inch  wide,  and  3  J — 4  inches  long. 

1 1 .  Distillation  flasks  of  hard  Bohemian  glass  and  Erlenmeyer 
pattern,  550 — 600  c.c.  capacity,  fitted  with  a  rubber  stopper  and 
a  bulb  above  with  curved  delivery  tube,  to  prevent  the  spray  of 
the  boiling  alkaline,  liquid  from  being  carried  over  into  the 
condenser  tubes.  Copi)er  distilling  bottles  or  flasks  are  used  by 
some  operators  for  technical  purposes  with  good  results,  but  in  this 
case  it  is  advisable  to  put  the  soda  into  the  vessel  first  then  add 
the  acid  liquid. 

12.  The  condenser.  Owing  to  the  undoubted  solubility  of 
glass  in  fresh  distilled  w'ater  containing  ammonia,  it  is  advisable  to 
have  the  condenser  tube  made  of  block  tin.  This  should  be  about 
three-eighths  of  an  inch  wide  externally,  and  is  connected  with  the 
bulb  tube  of  the  distilling  flask  with  stout  pure  rubber  tube.  It  is 
surrounded  by  either  a  metal  or  glass  casing,  through  which 
cold  water  is  passing  in  the  usual  manner.  It  is  very  easy  to 
fit  up  such  an  arrangement  with  the  condenser  tubes  made 
entirely  of  glass  sold  by  the  dealers  in  chemical  apparatus.  The 
end  of  the  condenser  tube  may  be  simply  inserted  into  the  neck 
of  a  flask  in  an  oblique  position,  containing  the  standard  acid, 
or  it  may  have  a  delivery  tube  connected  by  rubber  leading 
into  a  beaker.  There  is  no  necessity  for  dipping  the  delivery 
tube  into  the  acid  unless  the  temperature  of  the  place  is 
very  high. 

In  places  where  it  is  difficult  to  arrange  for  a  flow  of  water  to 
keep  the  distilling  tube  cool  the  simple  apparatus  shown  in  fig.  30 
may  be  serviceable,  and  unless  the  temperature  of  the  place  is 
exceedingly  high  there  is  no  loss  of  ammonia.  This  arrangement 
is    used    by     Stutzer,    whose    results    with    it    compare     well 

with  Bodic  or  potassic  nitrite  in  the  i>roi>ortion  of  0*5  gm.  of  the  salt  to  100  c.c.  of 
acid.  Lunge  objected  to  this  ti*eatment,  because  of  the  probable  formation  of  nitro- 
sulphuric  acid.  Experiments  have  since  been  made  by  Mori  tz  which  prove  that  the 
objection  is  groundless,  provided  the  digestion  is  carried  on  for  a  period  sufficient  to 
expel  the  nitrous  acid  (J.  S.  C.  /.  ix.  443).  The  purification  of  the  acid  may  of  oottrse 
be  obviated  by  ascertaining  once  for  all  the  amount  of  ammonia  in  any  gpiven  stock  of 
acid,  by  making  a  blank  experiment  with  pure  sugar  and  allowing  in  oil  cases  for  the 
amount  of  NH>  so  found. 
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with     others     made     in 


condensers     surrounded     by    flowing 

water ;  and  ecjually 
accurate  figures 
have  been  got  in 
comparison  with 
the  ordinary  con- 
denser, using  the 
same  quantity  of 
substance  for 
digestion.  The 
(explanation  of  this 
is,  no  doubt,  the 
very  stnmg  atlinity 
of    ammonia     for 


Fig.  80. 


water,  and  when 
in  very  minute 
([uantity  it  is  held  very  tenaciously,  even  at  a  tolerably  high 
temperature.  The  tul^e  should  be  not  less  than  3  feet  long. 
Where  a  large  number  of  estimations  are  being  carried  on  it  is 
convenient  to  have  a  s])ecial  condenser,  which  will  allow  of.  six 
or  more  distillaticms  being  worked  at  the  same  time.  Several 
fonns  of  such  arrangements  have  been  devised,  and  are  obtainable 
of  the  apparatus  dealers. 

For  use  in  my  own  laboratory  where  a  large  number  of  agricul- 
tural 8ami>lc3  are  examined,  the  form  shown  in  fig.  31  has  been 
adopted,  and  has  been  found  to  answer  well.  The  body  of  the 
condenser  consists  of  an  ordinary  10-gallon  iron  drum  filled  with 
water;  the  block  tin  distillinff  tubes  run  through  this  at  equal 
tlistances  from  each  other,  and  emerge  at  the  bottom  of  sufficient 
length  to  dip  into  the  vessels  containing  the  standard  acid.  With 
thus  arrangement  there  is  no  necessity  for  running  water,  and  six 
<listilIations  may  be  carried  on  simultaneously  without  fear  of 
losing  ammonia ;  the  body  of  water  is  so  great  that  the  lower 
])ortion  is  quiti^  cool  after  the  distillations  are  finished.  In  case 
of  extremely  hot  weather  or  in  a  very  hot  laboratory,  the  cover 
may  be  removed  and  a  lump  of  ice  placed  in  the  water,  if  a  largo 
number  of  distillations  are  recpiired. 

The  distilling  flasks  are  closed  with  rubber  stoppers,  and  fitted 
with  ball  top  arrangement  shown  more  plainly  in  fig.  30.*  These 
are  connected  with  the  tin  tubes  by  nibber  joints,  and  supported  on 
an  iron  frame  over  which  is  laid  a  strip  of  wire  gauze.  The  Bun  sen 
burners  are  of  Fletcher's  make,  with  nickel  gauze  tops  which 
give  a  smokeless  flame  of  any  desired  size.  8o  well  does  this 
arrangement  work,  that  during  many  hundreds  of  distillations  not 
one  breakage  has  occurred,  due  to  the  heating  or  the  distillation. 
The  tin  condensing  tubes  do  not  in  this  case  dip  into  the  standard 
acid,  as  various  experiments  have  proved  it  imnecessary. 

*Tliese  may  be  hnd  of  Gerhard t,  Boun,  and  probably  of  other  apparatun  dealers. 
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DjPf  iiMs  rt  \,Wk  tin 
ri'rtically  from  tlie  (li#lilli 


Fig.  ai. 
dowQwnriU  and   tittiiig  into  n  poa.r-sliaped   aila|)t«r  (witli    tui^  I 


expansion  to  allow  of  varied  pressure), 
actuuUy  into  the  acid. 

13.  A  convenient  stand  for 
holding  tlic  digestion  flasks  is  aliowu 
in  fig.  33,  and  they  rest  in  an 
obliqWG  position.  Heat  is  supplied 
by  small  Bunsen  burners.  With 
a  little  care  the  naked  Hame  can  he 
applied  directly  to  the  flask  with- 
out daugcr.  Some  ojierators  jirefer 
to  close  the  digestion  Sasks  witli 
a  loosely  fitting  glass  stopper 
elongated  to  a  ])oint,  and  Jiaving 
a  balloon-shaped  top.     Tliia  aids  ii 


ivliose  narrowed  end  d 


the  condensivtion  of  any  d 
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which  may  distil,  but  if  the  flasks  are  tolerably  long  in  the  neok, 
there  is  practically  no  loss  of  acid  except  as  SO'^  which  occurs  in 
any  case.  It  is  almost  needless  to  say  that  the  digestion  should  be 
done  in  a  fume  closet  with  good  draught. 

The  Kjeldahl'Gunnxng  Process  :  From  0  5  to  5  gm.  of  the  substanco 
accordinfir  to  its  nature  is  brought  into  a  digestion  flask  with  approximate!}' 
0*5  gm.  of  mercuric  oxide  or  a  small  globule  of  metal  and  20  c.c.  of 
sulphuric  acid  (in  case  of  bulky  vegetable  substances  30  c.c.  or  more  may 
be  necessary).  The  fla^k  is  placed  on  wire  gauze  over  a  small  Bunsen 
burner  in  an  upright  position,  or  in  the  frame  above  describe*!  in  an  inclined 
position,  and  heated  below  the  boihng-point  of  the  acid  for  from  five  to 
fifteen  minutes,  or  until  frothing  has  ceased.  The  heat  is  then  raised  till 
the  acid  boils  briskly,  this  is  continued  for  about  fifteen  minutes,  when 
about  10  grams  of  |)otassio  sulphate  are  added,  and  the  boiling  continued. 
No  further  attention  is  required  till  the  contents  of  the  flask  have  become 
a  clear  liquid,  which  is  colourless,  or  at  least  has  only  a  very  ]>ale  straw 
colour.  The  tiask  is  then  removed  from  the  frame,  and  after  cooling,  the 
contents  are  transferred  to  the  distilling  flask  with  repeated  quantities  of 
water  amounting  in  all  to  about  250  c.c,  and  to  this  26  c.c.  of  potassic 
sulphide  solution  are  adde<l,  50  c.c.  of  the  soda  solution*,  or  suflicient  to 
make  the  reaction  strongly  alkaline,  and  a  few  pieces  of  granulated  zinc. 
The  flask  is  at  once  connected  with  the  condenser,  and  the  contents  are 
distilled  till  all  ammonia  has  passed  over  into  the  standard  acid,  and  the  con- 
centrated solution  can  no  longer  be  safely  boiled.  This  operation  usually 
recjuires  from  twenty  to  thirty  minutes.  The  distillate  is  then  titrated  with 
standard  alkali. 

The  use  of  mercury  or  its  oxide  in  this  operation  greatly  shortens  the 
time  necessary  for  digestion,  whi<!h  is  rarely  over  an  hour,  and  in  the  ca«»e 
of  substances  most  diflicult  to  oxidize,  is  more  commonly  less  than  an 
hour.  Potassic  sulphide  removes  all  mercury  from  solution,  and  so  prevents 
the  formation  of  mercuro-ammonium  compounds  which  are  not  completely 
decomposed  by  soda  solution.  The  addition  of  zinc  gives  rise  to  an  evolution 
of  hydrogen,  and  prevents  violent  bumping.  Previous  to  use  the  stock  of 
reagents  should  always  be  tested  by  a  blank  exjieriment;  in  many  cases 
if  pota.ssic  sulphate  is  used  there  is  no  necessity  for  mercury,  and  therefore 
no  sulphide  is  required. 

The  following  modifications  must  be  used  for  the  detcnnination 
of  nitrogen  in  substances  which  contain  nitrates.^ 

Estimation  of  Nitrogen,  including  Nitrates,  by  the  KJeldahl- 

Qunninff-Jodlbauer  Process. 

The  requisite  quantity  of  substance  to  be  analyzed  is  put  into  the  digesting 
flask  together  with  1  or  2  gm.  of  zinc  dust.  From  20  to  30  c.c.  of 
sulphuric  acid  containing  2  gm.  of  salicylic  acid  are  then  quickly  poured  over 
the  mixture  so  as  to  cover  it  at  once.  The  whole  is  then  gently  heated  till 
frothing  is  over,  and  the  process  finished  with  or  without  the  potassic  sulphate 
as  before  described. 

The  following  observations  by  JJernard  Dyer  are  of  consider- 
able imi)ortance  in  connexion  with  the  modified  process : — 
"  When  nitrates  are  present  in  addition  to  organic  or  ammoniacal 

•Some  operatore  prefer  to  close  the  distilling  flask  with  a  caoutchouc  Btopi»er, 
through  which  in  addition  to  the  distilling  tube,  a  funnel  with  tap  is  fixed  for  running 
in  the  allcali,  this  is  to  guard  against  possible  Iom  of  ammonia. 
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nitrogen,  Jodlbauer's  modification  (CJiem.  Centr.  iii.,  xvii.,  433) 
suffices  to  determine  accurately  the  total  nitrogen.  Tliis  process 
consists  in  previously  adding  to  the  sulphuric  acid  used  for 
oxidation,  either  phenol  or,  preferably,  salicylic  acid — generally 
about  2  grams  for  a  determination.  While  the  contents  of  the 
flask  are  still  cold,  from  1  to  2  grams  of  zinc  dust  are  added  (as 
well  as  a  drop  of  mercury  or  some  oxide)  and  allowed  to  dissolve 
before  the  flask  is  heated.  The  process  is  then  continued  exactly 
as  previously  described,  when  the  whole  of  the  nitrogen  is 
obtained  as  ammonia.  There  is  no  difficulty  whatever  in 
determining  the  nitrogen  in  potassium  or  sodium  nitrate  in 
this  manner ;  but  I  find  that  when  ammonia  salts  are  present  as 
well  as  potassium  or  sodium  nitrate,  the  results  are  invariably  too 
low,  unless  the  sulphuric  acid  containing  the  salicylic  acid  is 
poured  quickly  into  the  flask  out  of  a  beaker,  so  that  the  nitrate 
shall  be  completely  covered  by  the  acid  before  the  lapse  of  an 
appreciable  interval  of  time ;  this  prevents  the  formation  of  the 
lower  oxides  of  nitrogen,  and  consequent  loss.  When  even 
ammonium  nitrate  is  treated  in  this  way,  the  M-hole  of  the  nitrogen 
is  retained  in  solution.  I  allude  to  tliis  detail,  because  I  have 
nowhere  seen  attention  drawn  to  it,  and  because  I  think  there  is 
a  probability  of  large  errors  occurring  in  the  analysis  of  compound 
fertilisers,  including  mixtures  of  ammonia  salts  and  alkali  nitrates, 
if  the  acid  is  allowed  to  flow  on  to  the  sample  from  a  pipette  in 
the  usual  way."  The  experiments  carried  on  by  this  chemist,  and 
recorded  in  the  pa])er  already  mentioned  are  extremely  valuable. 
They  show  that  the  Kjeldahl  process  either  with  the  modifications 
of  Gunning  and  Arnold,  or  with  that  of  the  same  and 
Jodlbauer  is  capable  of  accurately  estimating  the  nitrogen  in 
a  very  large  variety  of  complex  substances,  and  with  the 
expenditure  of  very  little  time  as  compared  with  older 
methods. 

As  respects  the  substances  available  for  the  accurate  estimation 
of  their  nitrogen  by  the  Kjeldahl  method,  Dyer  finds  that  if 
zinc  alone  (without  the  use  of  phenol  or  salicylic  acid)  be  used 
with  aromatic  nitro-compounds  there  is  loss  of  nitrogen,  as  though 
it  were  necessary  that  more  carbon  should  be  present. 

The  Kjeldahl-Gunning  method  fails  to  furnish  the  calculat<3d 
quantity  of  nitrogen  in  azobenzene  or  amido-azobenzene.  Mere 
reduction  by  zinc  suffices  with  amido-azobenzene,  but  in  the  case  of 
azobenzene  the  complete  Jodlbauer  modification  is  necessary. 
With  amido-azotoluene  the  correct  amount  was  obtained  by  the 
Kjeldahl-Gunning  process  supplemented  by  reduction  with 
zinc  and  with  carbazol  by  the  Kjeldahl-Gunning  method 
alone. 

Hydroxylamine  hydrochloride,  which  contains  20*21  j)cr  cent, 
of  nitrogen,  yielded  only  3  per  cent,  by  the  Kjeldahl-Gunning 
method ;  by  reduction  with  zinc  about  10  per  cent,  was  obtained  ; 
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by  the  Kjeldalil-Gunning-Jodlbauer  method  about  19  per 
cent. ;  by  reduction  with  sugar  and  zinc  less*  than  1 9  per  cent. 
The  Kjeldahl-Gunning-Jodlbauer  method  with  the  addition 
of  sugar  as  well  as  zinc,  liowever,  gave  the  calculated  (quantity  in 
each  of  three  separate  determinations.  Acetaldoxime,  by  the 
Kjeldahl-Gunning  method,  gave  somewhat  low  results,  but  with 
the  aildition  of  sugar  and  zinc  furnished  correct  results. 
Xaphthoquinone-oxime  yields  its  full  percentage  by  the  Kjeldahl- 
Gunning  method. 

Potassium  cyanide  and  ethyl  cyanide  both  give  nearly  correct 
results  by  the  Kjeldahl-Gunning  method;  no  trace  of 
hydrocyanic  acid  is  evolved  if  the  sulpliuric  acid  used  Iw  stn)ng. 
Potassium  ferrocyanide  also  yields  accurate  results.  Potassium 
ferricyanide,  however,  only  gives  sufficiently  accurate  results  when 
reduced  by  the  addition  of  sodium  thiosulphate.  Sodium 
nitroprusside  failed  with  any  modification  of  the  niethcKl  Uj  yield 
all  its  nitrogen. 

Phenylhydrazine  derivatives  cannot  by  any  modification  of  tlie 
metho<I  tried  be  made  to  give  correct  results  ;  there  is  invariably 
loss  of  nitrogen,  i>resumably  liberated  in  the  free  state. 

H.  C.  Sherman  (Jour,  Amer.  Chem.  Soc,  xvii.  567)  states 
that  no  known  modification  will  give  accurate  result?,  where  large 
proportions  of  both  chlorides  and  nitrates  exist  in  the  substance 
digestetl. 

The  Stock  Kethod. — A  method  based  on  the  same  principle  as 
that  of  "Kjeldahl  has  been  devised  by  W.  F.  K.  Stock  {Analyst 
xvii.  109,  idem  xviii.  58),  but  the  oxidation  in  this  case  depends 
not  on  the  sulphuric  acid  ])ut  on  manganitj  oxide.  From  O'o  to 
1  '0  gm.  of  the  substance  is  digested  at  a  temperature  IkIow  boiling, 
with  10  c.c.  of  strong  sulphuric  aciil  and  5  gm.  of  linel}-  ground 
MnO-  until  the  ])lack  carbonaceous  matters  are  destroyed  and 
a  greenish  li(piid  rcvsults;  this  is  distilled  in  a  special  apparatus, 
arranged  ])y  the  author  of  the  method  much  in  the  same  way  as 
in  Kjeldahl's  i)rocess,  with  excess  of  soda  and  titrated  in  the 
same  way. 

The  results  obtained  ])y  me  with  organic  substiinces  have  almost 
invariably  been  low  in  comparison  with  the  Kjeldahl  method 
described  above,  and  this  is  j>robabIy  due  to  the  same  cause  as  that 
existing  in  the  original  Kjeldalil  method  where  a  lower 
temperature  was  used,  and  the  oxidizing  influence  of  i)ermanganate 
was  relied  on  for  completing  the  decomposition. 

All  mwlem  authorities  appear  to  agree  in  discarding  the  use  of 
l)ermanganate  in  the  Kjeldahl  method  as  not  only  useless  but 
even  harmful. 

It  is  only  fair  to  say  that  very  good  results  have;  been  obtained 
in  the  case  of  certain  nitrogen  compounds  by  the  Stock  method, 
and  further  research  may  result  in  its  being  improved. 
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AOIDIMETBY'    OB    THE    TITRATION    OF    ACIDS. 

§  20.  This  o[>eration  is  simply  the  reverse  of  all  that  has  been 
said  of  alkalies,  and  depends  upon  the  same  pruiciples  as  have 
been  explained  in  alkalimetry. 

With  free  liquid  acids,  such  as  hydrochloric,  sulphuric,  or  nitric, 
the  strength  is  generally  taken  by  means  of  the  hydrometer  or 
specific-gravity  bottle,  and  the  amount  of  real  acid  in  the  sample 
ascertained  by  reference  to  the  tables  constructed  by  Otto, 
Bineau,  or  Ure.  The  specific  gravity  may  very  easily  be  taken 
with  the  pipette,  as  recommended  with  ammonia,  and  of  course  the 
real  acid  may  be  quickly  estimated  by  normal  caustic  alkali  and  an 
appropriate  indicator. 

In  the  case  of  titrating  concentrated  acids  of  any  kin<l  it  is 
preferable  in  all  cases  to  weigh  accurately  a  small  quantity,  dilute 
to  a  definite  volume,  and  take  an  aliquot  portion  for  titration. 

Delicate   End-reaction    in   Acidimetry. 

If  an  alkaline  iodate  or  bromate  be  added  to  a  solution  of  an 
alkaline  iodide  in  the  presence  of  a  mineral  acid,  iodine  is  set  free 
and  remains  dissolved  in  the  excess  of  alkaline  iodide,  giving  the 
solution  the  well-known  colour  of  iodine.  This  reaction  has  been 
long  observed,  and  is  capable  of  being  used  with  excellent  effect  as- 
an  indicator  for  the  delicate  titration  of  acids,  and  therefore  of 
alkalies,  by  the  residual  method.  Kjeldahl,  for  instance,  uses  it 
in  his  ammonia  process,  where  the  distillate  contains  necessarily  an 
excess  of  standard  acid.  The  reaction  is  definite  in  character,  and 
may  be  used  in  various  ways  in  volumetric  processes.  For  instance,, 
potassic  bromate  liberates  iodine  in  exact  proportion  to  its  conti\ined 
oxygen  in  the  presence  of  excess  of  dilute  mineral  acid,  and  the 
iodine  so  liberated  may  be  accurately  titrated  with  sodic  thiosulphate. 
In  acidimetry,  however,  the  method  is  simply  used  for  its  exceeding 
delicacy  as  an  end-reaction,  one  drop  of  yg^  sulphuric,  nitric,  or 
hydrochloric  acid  being  quite  sufficient  to  cause  a  deep  blue  colour 
in  the  presence  of  starch. 

The  adjustment  of  the  standard  liquids  is  made  as  follows : — 
2  or  3  c.c.  of  Yjj  ^cid  are  run  into  a  flask,  diluted  somewhat  with 
water,  and  a  crystal  or  two  of  potassic  iodide  thrown  in  ;  1  or  2  c.c. 
of  a  5  per  cent,  solution  of  potassic  iodate  are  then  added,  which 
at  once  produces  a  brown  colour,  due  to  free  iodine.  A  solution 
of  sodic  thiosulphate  is  added  from  a  burette,  with  constant 
shaking,  until  the  colour  is  nearly  discharged  ;  a  few  drops  of  clear 
freshly  prepared  starch  solution  are  now  poured  in,  and  the  blue 
colour  removed  by  the  very  cautious  addition  of  thiosulphate. 
The  quantity  of  thiosulphate  used  represents  the  comparative 
strengths  of  it  and  the  standard  acid,  and  is  used  as  the  basis 
of  calculation  in  other  titrations.  The  first  discharge  of  the  blue 
colour  must  be  taken  in  all  cases  as  the  correct  ending,  because  oa 
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standing  a  few  niinutos  the  blue  colour  n^turns,  duo  to  some 
obscure  reaction  from  the  thiosulphatc.  This  has  been  probably 
regarded  as  one  of  the  drawbacks  of  the  process,  and  another  is  tlio 
instability  of  the  thiosulphate  solution  ;  but  these  by  no  means 
invalidate  its  accuracy,  and  it  moreover  possesses  the  advantage  of 
being  ai)plicabhi  to  excessively  dihite  solutions,  and  may  ])c  used 
by  artificial  liglit.  The  organic  acids  cannot  be  estimated  by  this 
method,  the  action  not  being  regular.  Xeutral  alkaline  and 
alkaline  earthy  siilts  have  no  interference,  but  salts  of  the  organic 
acids  and  borates  must  be  absent. 


ACETIC    ACID. 

S  2 1.  In  consequence  of  the  anomaly  existing  between  the  sp.  gr. 
of  strong  acetic  acid  ami  its  actual  strength,  the  hydrometer  is  not 
reliable,  but  the  volumetric  estimation  is  now  rendered  extremely 
accurate  by  using  phenolphthalein  as  indicator,  acetates  of  the 
alkalies  and  alkaline  earths  having  a  perfectly  neutral  ])ehaviour  to 
this  indicat<^)r.  P^ven  coloured  vinegars  may  be  titratetl  when 
highly  diluted.  Where,  however,  the  colour  is  too  nuich  for  this 
method  to  succeed  Pettenkofer^s  plan  is  the  best,  and  this  opinion 
is  endorsed  by  A.  K.  Leeds  {Jour.  Am.  Chon.  p>or,  xvii.  741). 
The  latter  takes  50  c.c.  of  the  vinegar  and  50  c.c.  of  water  with 
a  drop  of  phenolplithalein,  adds  /^j  baryta  to  slight  excess  which 
causes  the  organic  colouring  matters  to  sej^aratcj  either  in  the  cold 
or  on  warming,  the  excess  of  ]>aryta  is  then  found  by  titration 
with  Yff  acid  and  turmeric  jiaper. 

Several  processes  have  at  various  times  been  suggesUnl  for  the 
accurate  and  ready  estimation  of  acetic  acid,  among  which  is  that 
of  (Ireville  Williams,  bv  means  of  a  stjindard  solution  of  lime 
syrup.     The  results  obtained  were  very  satisfactory. 

C.  Mohr^s  ))rocess  consists  in  adding  to  the  a<'id  a  known 
excessive  (juantity  of  precipitated  neutml  antl  somewhat  moist 
(!alcic  carbonate.  When  the  decomposition  is  as  nearly  Jis  possible 
complete  in  the  cold,  the  mixture  must  be  heated  to  expel  the  CO*-', 
and  to  complete  the  saturation  ;  the  residual  carbonate  is  then 
brought  upon  a  filter,  washed  with  boiling  water,  and  titrated  with 
excess  of  normal  aci<l  and  back  with  alkali. 

Iri  testing  the  impure  brown  i)yroligneous  acid  of  commerce, 
this  method  has  given  fairly  accurate  results.* 

The  titration  of  acetic  acid  or  vinegar  may  also  be  performed  by 
the  ammonio-cupric  solution  described  in  §  15.10. 

*A.  R.  Leeds  lloc.  rit.)  has  not  found  this  method  to  answer,  which  I  think  niunt 
he  due  to  usiu^  dried  calcic  carbonate.  I  have  only  used  it  for  commercial  woo<l  acid, 
and  tlie  flrures  obtained  by  me  were  the  highest  among  several  other  methods ;  but  an 
error  has  t>een  committed  In  not  mentioning  that  the  CaCO^  should  not  l)e  thoroughly 
dried,  and  the  alkalinity  of  which  is  known. 
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1.  Free  Kineral  Acids  in  Vinesrar. — He  liner  lius  devised  an 
excellent  method  for  this  purpose  (Analyst  i.  105). 

Acetates  of  the  alkalies  are  always  present  in  commercial  vinegar ; 
and  when  such  vinegar  is  evaporated  to  dryness,  and  the  ash  ignited, 
the  alkalies  are  converted  into  carbonates  having  a  distinct  alkaline 
reaction  on  litmus;  if,  however,  the  ash  has  a  neutral  or  acid 
reaction,  some  free  mineral  acid  must  have  been  present.  The 
alkalinity  of  the  ash  is  diminished  in  exact  proportion  to  the 
amount  of  mineral  acid  added  to  the  vinegar  as  an  adulteration. 
Hence  the  following  process  : 

50  c.c.  of  the  vinegar  are  mixed  with  25  c.c.  of  yV  soda  or  potash, 
evaporated  to  dryuess,  and  ignited  at  a  low  red  heat  to  convert  the  acetate? 
into  carbonates ;  when  cooled,  25  c.c.  of  ^  acid  are  added ;  the  mixture 
heated  to  exiKjl  CO-,  and  filtered  ;  after  washiuj^  the  residue,  the  filtrate  and 
washings  are  exactly  titrated  with  ^  alkali ;  the  volume  so  used  equals  the 
amount  of  mineral  acid  present  in  the  50  c.c.  of  vinegar. 

1  c.c.  /^  alkali=0a049  gra.  H^SO*  or  0003637  gm.  HCl. 

If  the  vinegar  contains  more  than  0*2  per  cent,  of  mineral  acid, 
more  than  25  c.c.  of  y^  allcali  must  be  used  to  the  50  c.c.  vinegar 
before  evajx)rating  and  igniting. 

2.  Acetates  of  the  Alkalies  and  Earths. — These  salts  are 
converted  by  ignition  into  carbonates,  and  can  be  then  residually 
titrated  with  normal  acid ;  no  other  organic  acids  must  be  present, 
nor  must  nitrates,  or  similar  compounds  decomposable  by  heat. 
1  c.c.  normal  acid  =  0*06  gm.  acetic  acid. 

8.  Metallic  Acetates. — Neutral  solutions  of  lead  and  iron  acetates 
may  be  precipitated  by  an  excess  of  normal  sodic  or  potassic  carbonate,  the 
]>recipitiite  well  boiled,  filtered,  and  Avashed  with  hot  water,  the  filtrate  and 
washings  made  up  to  a  definite  volume,  and  an  aliquot  portion  titrated  with 
N  or  /^  acid ;  the  difference  between  the  quantity  so  used  and  calculated  for 
the  original  volume  of  alkali  Avill  represent  the  acetic  acid. 

If  such  solutions  contain  free  acetic  or  mineral  acids,  they  must 
be  exactly  neutralized  previous  to  treatment. 

If  other  salts  than  acetates  are  present,  the  process  must  be 
modified  as  follows : — 

Precipitate  with  alkaline  carbonate  in  excess,  exactly  neutralize  with 
hydrochloric  acid,  evaporate  the  whole  or  part  to  dryness,  ignite  to  convert 
the  acetates  into  carbonates,  then  titrate  residually  with  normal  acid.  Any 
other  organic  acid  than  acetic  will,  of  course,  record  itself  in  terms  of  acetic 
acid. 

4.  Commercial  Acetate  of  Lime. — The  methods  just  described 
are  often  valueless  in  the  case  of  this  substance,  owing  to  tarry 
matters,  w^hich  readily  produce  an  excess  of  carbonates. 

Fresenius  (Z.  a.  c.  xiii.  153)  adopl<<  the  following  process  for  tolerabl}' 
pure  samples ; — 5  gm.  are  weighed  and  transferred  to  a  250  c.c.  flask, 
dissolved  in  about  150  c.c.  of  water,  and  70  c.c.  of  normal  oxalic  acid  added ; 
the  flask  is  then  well  shaken,  and  filled  to  the  mark,  2  c.c.  of  water  are  added 
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to  allow  for  the  volumo  occupied  by  the  precipitute,  the  whole  is  ajjnin  well 
shaken,  ami  left  to  settle.  The  solution  is  then  filtered  through  a  dry  filter 
into  a  dry  fivLsk  :  the  volume  so  filtered  must  exceed  2()0  o.c. 

100  CO.  are  first  titrated  with  normal  alkali  and  litmus;  or,  if  highly 
coloured,  by  help  of  litmus  or  turmeric  paper ;  the  volume  used  multiiilieil 
by  2'5  will  give  the  volume  for  5  gm. 

Another  100  c.c.  are  pre<'ipitated  with  solution  of  pure  calcic  acetate  in 
slight  e.\cess,  warmed  gently,  the  precipitate  allowed  to  settle  somewhat, 
then  filtered,  well  wjished,  dried,  and  strongly  ignited,  in  order  to  convert 
the  oxalate  into  calcic  carbonate  or  oxide,  or  a  mixture  of  lK)th.  The 
residue  so  obtained  is  then  decomposed  with  excess  of  normal  acid,  and 
titrated  residually  with  nonnal  alkali.  By  deducting  the  volume  of  acid 
used  to  neutralize  the  precipitate  from  that  of  the  alkali  used  in  the  first 
100  c.r.,  and  nndtiplying  by  2*5,  is  obtained  the  volume  of  alkali  expressing 
the  weight  of  acetic  acid  in  the  5  gm.  of  acetate. 

In  tlie  ca-'^e  of  very  impure  and  highly  coloured  samples  of 
acetate,  it  is  only  possihhj  to  estimate  the  acetic  aci<l  by  rejieated 
distillations  uith  i>hosphoric  acid  and  water  to  inci|>ient  dr^'nos.**, 
and  tlien  titrating  tlie  acid  direct  with  ^jj  alkali,  each  c.c.  of  which 
rejuesents  0  006  gm.  acetic  acid. 

The  distillaticm  is  best  arranged  as  suggested  by  Still  well  and 
CJladding,  or  later  by  Ha r court  Phillips  (C.  X.  liii.  ISl). 

A  100  to  120  c.c.  retort,  the  tubulure  of  Avhich  carries  a  small  funnel 
fitted  in  with  a  caoutchouc  stopper,  and  the  neck  of  the  funnel  stopped 
tightly  with  a  glass  rod  shod  with  elastic  tube,  is  supj)orted  upon  a  stand  in 
such  a  way  that  its  neck  inclines  ui>wanls  at  about  forty-five  degrees  :  the 
end  of  the  neck  is  drawn  out,  and  bent  so  as  to  fit  into  the  conden^^er  by 
help  of  an  elastic  tube.  The  greater  part  of  the  retort  neck  is  ccKited  with 
flannel,  so  as  to  prevent  too  much  condensation. 

1  gm.  of  the  .«ample  being  i)laced  in  the  retort,  10  c.c.  of  a  40  por  cent, 
solution  of  F-0*  are  added,  together  with  as  much  water  as  will  make  about 
50  c.c.  A  small  naked  flame  is  used,  and  if  carefully  manipulated,  the 
distillation  may  be  carried  on  to  near  dryness  without  endangering  the 
retort.  After  the  first  operation  the  retort  is  allowed  to  cool  .somewhat,  then 
50  c.c.  of  hot  water  added  through  the  funnel,  another  distillation  ma<le  as 
before,  and  the  same  rei)eated  a  third  time,  which  will  sutlice  to  carry 
over  all  the  acetic  acid.  The  distillate  is  then  titrated  with  alkali  and 
phenolphthalein. 

By  this  arrangement  the  frothing  and  spirting  is  of  no  con- 
sequence, and  the  whole  process  can  l>e  completed  in  less  than 
an  liour.     The  results  are  excellent  for  technical  purposes. 

"Weber  (Z.  a.  C.  xxiv.  614)  has  devised  a  ready  and  fairly 
accurate  method  of  estimating  the  real  acetic  acitl  in  samph;s  of 
acetate  of  lime,  based  on  the  fact  that  acetate  of  silver  is  insoluble 
in  ak^oh(il. 

Procett :  10  gm.  of  the  sample  in  powder  are  placed  in  a  250  c.c.  flask, 
a  little  water  added,  and  heated  till  all  soluble  matters  are  extracted,  cooled, 
and  made  up  to  the  measure  :  25  c.c.  are  then  filtered  through  a  dry  filter, 
put  into  a  beaker,  50  c.c.  of  absolute  alcohol  added,  and  the  acetic  acid  at 
once  precipitated  with  an  alcoholic  solution  of  silver  nitrate.  The  silver 
acetate,  together  with  any  chloride,  sulphate,  etc.,  separates  free  from 
colour.  The  precipitate  is  brought  on  a  filter,  well  washed  vf\\.\i  60  ])er  cent, 
alcohol  till  the  free  silver  is  removed;  precipitate  is  then  dissolved  in  weak 


92  VOLUMETRIC   ANALYSIS.  §    22. 

Ditric  acid,  and  titrated  with  ^V  salt  solution.  Each  c.c.  represents  0006  gm. 
acetic  acid. 

Several  trials  made  in  comparison  with  the  distillation  method 
with  phosphoric  acid  gave  practically  the  same  results. 

A  good  technical  process  has  been  devised  by  Grimshaw 
(Allen's  Orffanic  AnaJyds  i.  397).  10  gm.  of  the  sample  are  treated 
with  water  and  an  excess  of  sodic  bisulphate  (NaHSO*),  the 
mixture  diluted  to  a  definite  volume,  filtered,  and  a  measured 
portion  of  the  filtrate  titrated  with  standard  alkali ;  a  similar 
portion  meanwhile  is  evaporated  to  dryness  with  repeated 
moistening  with  water,  to  drive  off  all  free  acetic  acid.  The 
residue  is  dissolved  and  titrated  with  standard  alkali,  when  the 
difference  between  the  volume  now  required  and  that  used  in  the 
original  solution  will  correspond  to  the  acetic  acid  in  the  sample. 
Litmus  paper  is  the  proper  indicator. 

BORIC    ACID    AND    BORATES. 

Boric  anhydride  B-0^  =  70. 

§  22.  The  soda  in  borax  may,  according  to  Thomson,  be 
very  accurately  estimated  by  titrating  the  salt  with  standard  H'^SQ-^ 
and  methyl  orange  or  lacmoid  paper.  Litmus  and  phenacetolin 
give  very  doubtful  end-reactions  :  phenolphthalein  is  utterly  useless. 

Example  :  1-683  gin.  sodic  p3*roborate  in  50  c.c.  of  water  required  in  one 
case  16*7  c.c.  normal  acid,  and  in  a  second  16"65  c.c.  The  mean  of  the  two 
represents  0'617  gm.  Na^O.     Theory  requires  0*516  gm. 

The  estimation  of  boric  acid  as  such  has  up  to  the  present  time 
presented  great  difficulties,  and  no  volumetric  method  of  any 
value  has  been  available. 

R.  T.  Thomson  has  now  removed  this  difficulty  by  finding 
a  method  easy  of  execution,  and  of  considerable  accuracy 
(J.S.C.I.  xii.  432),  see  also  page  44  iii  this  book. 

Process:  To  determine  boric  acid  in  articles  of  commerce  it  is 
necessary  to  use  methyl  orange,  to  which  indicator  boric  acid  is  perfectly 
neutral.  In  the  ca,se  of  boric  acid  in  borax  1  gm.  is  dissolved  in  water, 
meth}'!  orange  added,  and  then  dilute  sulphuric  acid  till  the  pink  colour  just 
appears.  Boil  for  a  short  time  to  expel  carbonic  acid,  cool,  and  add  normal 
or  fifth-normal  soda  till  the  pink  colour  of  the  methyl  orange  (a  little  more 
of  which  should  be  added  if  necessary)  just  assumes  a  pure  ^^ellow  tinge. 
At  this  stage  all  the  boric  acid  will  exist  in  the  free  state.  Add  glycerine  in 
such  proportion  that  the  total  solution  after  titration  will  contain  30  per 
cent,  at  least,  then  add  a  little  phenolphthalein,  and  Uistly  normal  or  fifth- 
normal  soda  from  a  burette  until  a  permanent  pink  colour  is  j)roduced. 
More  glycerine  may  be  added  during  the  estimation  if  it  is  found  necessary. 
The  proportion  of  boric  acid  present  is  calculated  from  the  number  of  c.c.  of 
soda  consumed. 

1  c.c.  normal  NaOH=00620  gm.  H'BO^ 

Ic.c.      „  „     =00505  gm.  Na^B^O" 

Ic.c.      „  „     =00955  gm.Ka^B^O^+lOH^O 
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In  the  case  of  boric  arid  of  commerce,  which  i^eiierally  contains  wilts  of 
ammonium,  1  ^fm.  may  be  dissolved  in  hot  water,  a  sli|<ht  excess  of  sodic 
carbonate  added,  and  the  solution  boiled  down  to  about  half  iU  bulk  to  expel 
ammonia.  Any  precipitate  which  appears  may  then  be  filtered  off,  and  the 
filtrate  titrated  as  already  described. 

The  method  may  also  be  applied  to  borocite  or  borate  of  lime  by  dissolving 
1  gm.  of  either  of  these  minerals  in  dilute  hydrochloric  acid  with  the  aid  of 
heat,  nearly  neutralizing  with  caustic  soda,  boiling  to  ex|>el  carbonic 
acid,  cooling,  exactly  neutralizing  to  methyl  orange,  and  continuing  the 
determination  as  in  borax.  If  much  iron  is  present,  however,  it  may  be 
removed  by  a  preliminary  treatment  with  sodic  carbonate,  and  removal  of 
oxide  of  iron  as  well  as  the  carbonates  of  calcium  and  magnesium  Im' 
filtration. 

Thomson  has  also  attonipUid  to  apply  tlie  jjiocoss  to  tlie 
estimation  of  boric  acid  in  milk  and  other  foodstuffs.  This  of 
course  necessitates  the  removal  of  ]>hosplioric  a(!id  froni  tlie  ash  of 
the  milk,  for  which  jmrpose  a  barium  salt  was  found  to  ])e 
a  successful  i)recipitant,  and  if  the  solutitm  be  sutticiently  dilute 
Avill  leave  the  ]x>ric  acid  in  solution.  The  ex])erimcnts  have  not 
as  yet  been  compl(»tely  .successful. 


CABBONIC    ACID    AND    CABBOKATE8. 

S  23.  All  carbonatt^s  are  decomposed  by  strong  acids ;  the 
carbonic  acid  Avhich  is  libemted  splits  up  into  wat^T  and  carlxMiic 
anhydride  (CO-),  which  latter  escapes  in  the  gaseous  form. 

It  will  be  readily  seen  from  wliat  lias  been  said  previously  as 
to  the  estimation  of  the  alkaline.  (?artlis,  that  carl>onic  acid  in 
combination  can  l)e  estimated  volumetrically  with  a  very  liigh 
degree  of  accunicy  (m'.v.  ^  18). 

The  carbonic  acid  to  be  estimaU\l  mav  be  brout'ht  into 
combination  with  either  calcium  or  bariimi,  these  bases  admitting 
of  the  firmest  com])ination  as  neutral  (carbonates. 

If  the  carbonic  acid  exist  in  a  soluble  form  as  an  alkaline  mono- 
carbonate,  the  decomposition  is  eftected  by  the  addition  of  baric  or 
calcic  cliloridc  as  before  directed  ;  if  as  bicarl)onate,  or  a  compound 
between  the  two,  ammonia  must  be  abided  witli  either  of  the 
chlorid(»s. 

As  solution  of  ammonia  fre^iuently  contiuns  c^irbonic  acid,  this 
must  be  remove* I  by  the  aid  of  baric  or  calcic  chloride,  previous 
to  use. 


1.     CarbDnates   Soluble   in   Water. 

It  is  necessary  to  remember,  that  when  calcic  chloride  is  used  as 
the  precipitant  in  the  cold,  amorphous  calcic  carbonattj  is  first 
formed  ;  and  as  this  compound  is  sensibly  soluble  in  water,  it  is 
necessary  to  convert  it  into  the  crystalline  form.  In  the  absence  of 
free  ammonia  this  can  be  accomplished  by  boiling.  AVlien  ammonia 
is  present,  the  same  end  is  obtained  by  allowing  the  mixture  to 
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stand  for  eight  or  ten  hours  in  the  cold,  or  by  heating  for  an  hour 
or  two  to  70 — 80"  C.     With  barium  the  precipitation  is  regular. 

Another  fact  is,  that  when  ammonia  is  present,  and  the  precipi- 
tation occurs  at  ordinary  temperatures,  ammonic  carbamate  is 
formed,  and  the  baric  or  calcic  carbonate  is  only  partially  precipi- 
tated. This  is  overcome  by  heating  the  mixture  to  near  boiling  for 
a  couple  of  hours,  and  is  best  done  by  passing  the  neck  of  the 
flask  through  a  retort  ring,  and  immersing  the  flask  in  boiling 
water. 

When  caustic  alkali  is  present  in  the  substa^ice  to  be  examined, 
it  is  advisable  to  use  barium  as  the  precipitant ;  otherwise,  for  all 
volumetric  estimations  of  CO^  calcium  is  to  be  preferred,  because 
the  precipitate  is  much  more  quickly  and  perfectly  washed  than 
the  barium  compound. 

Example :  1  gni.  of  pur©  anhj'drous  sodic  carbonate  was  dissolved  in 
water,  precipitated  while  hot  with  baric  chloride,  the  precipitate  allowed  to 
settle  well,  the  clear  liquid  decanted  through  a  moist  filter,  pnore  hot  water 
coutaiinng  a  few  drops  of  ammonia  poured  over  the  precipitate,  which  was 
repeatedly  done  so  that  the  bulk  of  the  precipitate  remained  in  the  flask, 
being  washed  by  decantation  through  the  filter ;  when  the  washings  showed 
no  trace  of  chlorine,  the  filter  was  transferred  to  the  flask  containing  the 
bulk  of  the  precipitate,  and  20  c.c.  of  normal  nitric  acid  added,  then  titrated 
with  normal  alkali,  of  which  1*2  c.c.  was  required=18'8  c.c.  of  acid ;  this 
multiplied  by  0022,  the  coefficient  for  carbonic  acid,  gave  0'4136  gra.  C0^= 
41*36  per  cent.,  or  multiplied  by  0  053,  the  coefficient  for  sodic  carbonate, 
gave  09964  gm.  instead  of  1  gm. 

2.     Carbonates    Soluble   in   Acids. 

It  sometimes  occurs  that  substances  have  to  be  examined  for 
carbonic  acid,  which  do  not  admit  of  being  treated  as  above 
described  ;  such,  for  instance,  as  the  carbonates  of  the  metallic 
oxides  (white  lead,  calamine,  etc.),  carbonates  of  magnesia,  iron, 
and  copper,  the  estimation  of  carbonic  acid  in  cements,  mortar,  and 
many  other  substances.  In  these  cases  the  carbonic  acid  must  be 
evolved  from  the  combination  by  means  of  a  stronger  acid,  and 
conducted  into  an  absorption  apparatus  containing  ammonia,  then 
precipitated  with  calcic  chloride,  and  titrated  iis  before  described. 

The  following  form  of  apparatus  (fig.  33)  affords  satisfactory 
results. 

The  weighed  substance  from  which  the  carbonic  acid  is  to  be  evolved  is 
plared  in  b  with  a  little  water;  the  tube  d  contains  strong  hydrochloric 
aeid,  and  c  broken  glass  wetted  with  ammonia  free  from  carbonic  acid. 
The  flask  a  is  about  one-eighth  filled  with  the  same  ammonia :  the  bent  tube 
must  not  enter  the  liquid.  When  all  is  ready  and  the  corks  tight,  warm  the 
flask  a  gently  so  as  to  fill  it  with  vapour  of  ammonia,  then  open  the  clip  and 
allow  the  acid  to  flow  circumspectly  upon  the  material,  which  may  be  heated 
until  all  carbonic  acid  is  apparently  driven  off ;  then  by  boiling  and  shaking 
the  last  traces  can  be  evolved,  and  the  operation  ended.  When  cool,  the 
apparatus  may  be  opened,  the  end  of  the  bent  tube  washed  into  a,  and  also 
a  good  quantity  of  boiled  distilled  water  passed  through  r,  so  as  to  carry 
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dowD  any  ommoiiic  carbonate  ttint  may  havo  fnnnrd.     Tbcn  ndd  snlLition  or 
calcic  chloride,  boil,  Alter,  und  titmto  the  prccipitute  as  bcfon*  described. 

I)uriii)(  the  filtnitiiin,  and  while  ammonia  is  pm<ent,  there  is  n  icrpat 
■vidity  for  carbonic  «cid,  therefore  boihiif;  water  nhoiild  he  used  for  ivuHhiiiK, 
and  the  funiiel  kept  covered  with  it  small  glow  pUte. 

In  many  instances  CO-  may  be  estimated  by  its  t'luiivalent  in 
eblorinc  witli  ^^  silver  anil  jxitassie  fliroiiiat«,  ns  in  ji  39. 


3.     Oarbonlo   Acid   Oaa   In   Watara,   etc. 

Tilt'  carlionii;  acid  exi.sting  in  waters  as  neutral  carlionatcs  of  tbe 
nlkalie.t  or  alkaline  eartbw  may  very  elegantly  and  readily  Ik-  titrated 
directly  by  yjr  acid  (see  g  1*<). 

Well  or  spring  water,  and  also  mineral  waters,  containing  freo 
carbonic  acid  g)is,  canl>c  examined  by  collecting  meosnred  qiiantitieH 
of  tbem  at  their  source,  in  bottles  containing  a  mixture  of  calfic 
and  amnionic  chloride,  afterwanls  heating  the  niixturc  in  boiling 
water  for  one  or  two  hours,  and  titrating  the  pret-ipitate  aa  before 
described. 

Pettenkofcr'3  method  with  caustic  boryta  or  lime  is  decidedly 
preferable  to  any  other.      Liino  water  may  be  used  instead  of 
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barytii  with  equally  good  results,  but  care  must  be  taken  that  the 
precii)itate  is  crystalline. 

The  principle  of  the  method  is  that  of  removing  all  the  carbonic 
acid  from  a  solution,  or  from  a  water,  by  excess  of  baryta  or  lime 
water  of  a  known  strength ;  and,  after  absorption,  finding  the 
•excess  of  baryta  or  lime  by  titration  with  jjy  acid  and  turmeric 
paper. 

The  following  is  the  best  method  to  be  pursued  for  ordinary 
drinking  waters  not  containing  large  quantities  of  carbonic  acid  : — 

100  c.c.  of  the  water  are  put  into  a  flask  with  3  c.c.  of  strong  solution  of 
calcic  or  baric  chloride,  and  2  c.c.  of  saturated  solution  of  amnionic  chloride ; 
45  c.c.  of  baryta  or  lime  water,  the  strength  of  which  is  previously  ascertained 
by  means  of  decinorYnal  acid,  are  then  added,  the  flask  well  corked  and  put 
aside  to  settle ;  when  the  precipitate  is  fully  subsided,  take  out  50  c.c.  of  the 
clear  liquid  with  a  pipette,  and  let  this  be  titrated  with  decinormal  acid. 
The  quantity  required  must  bo  multiplied  by  3  for  the  total  baryta  or  lime 
•solution,  there  being  50  c.c.  only  taken ;  the  number  of  c.c.  so  found  must  be 
deducted  from  the  original  quantity  required  for  the  baryta  solution  added ; 
the  remainder  multiplied  by  0*0022  will  give  the  weight  of  carbonic  acid 
existing  free  and  as  bicarbonate  in  the  100  c.c. 

The  addition  of  the  baric  or  calcic  chloride  and  ammonic  chloride  is  made 
to  prevent  any  irregularity  which  might  arise  from  alkaline  carbonates  or 
sulphates,  or  from  magnesia. 

If  it  be  desirable  to  ascertain  the  volume  of  carbonic  acid  from 
the  weight,  1000  c.c.  of  gas,  at  0**  and  0*76  m.m.,  weigh 
1*96663  gm.     100  cubic  inches  weigh  47*26  grains. 

4.     Carbonic   Acid    in   Aerated   Beverages,    etc. 

For  ascertaining  the  quantity  of  carbonic  acid  in  bottled  aerated 
waters,  such  as  soda,  seltzer,  potass,  and  others,  the  following 
apparatus  is  useful. 

Pig.  34  is  a  bra.ss  tube  made  like  a  cork-borer,  about  five  inches  long,  having 
four  small  holes,  two  on  each  side,  and  about  two  inches  from  its  cutting  end ; 
the  upper  end  is  securely  connected  \\ith  the  bent  tube  from  the  absorption 
flask  (tig.  35)  by  means  of  a  vulcanized  tube ;  the  flask  contains  a  tolerable 
quantity  of  pure  ammonia,  into  which  the  delivery  tube  dips ;  the  tube 
a  contains  broken  glass  moistened  with  ammonia. 

Everything  being  ready  the  brass  tube  is  greased,  and  the  bottle  being 
4ield  in  the  right  hand,  the  tube  is  screwed  a  little  aslant  through  the  cork 
by  turning  the  bottle  round,  until  the  holes  appear  below  the  cork  and  the 
gas  escapes  into  the  flask.  "When  all  visible  action  has  ceased,  after  the 
bottle  has  been  well  shaken  two  or  three  times  to  evolve  all  the  gas  that  can 
be  possibly  eliminated,  the  vessels  are  quietly  disconnected,  the  tube  a  wiished 
out  into  the  flask,  and  the  contents  of  the  bottle  added  also ;  the  whole  is 
then  precipitated  with  calcic  chloride  and  boiled,  and  the  precipitate  titrated 
as  usual.    This  givQ?  the  total  carbonic  acid  free  and  combined. 

To  find  the  quantity  of  the  latter,  another  bottle  of  the  same  manufacture 
must  be  evaporated  to  dryness,  and  the  residue  gently  ignited,  then  titrated 
with  normal  acid  and  alkali:  the  amount  of  carbonic  acid  in  the  mono- 
carbonate  deducted  from  the  total,  will  give  the  weight  of  free  gas  originally 
present. 
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The  volumo  niny  be  found  as  follows :— 1000  c.c,  of  carlioiiir'  jicid  nt  0°, 
Biiil  70  ni.m.,  weiKti  100663  )[in.  Siippow.  Uicrcfuro,  thnt  tlie  total  wcixlit 
of  carbonic  acid  found  in  n  lx)ttlc  of  ordinary  nods  water  was  2H  f^.,  and 
the  HGi|{Iit  combined  with  alkali  0'42  gm.,  litis  lcnve:<  S'llH  ^iii.  C'U-  ill 

l-9flf.63  :  2-3«  :  :  1000  :  .r    =    1210  c.c. 

If  tlio  number  of  i-.c.  of  cnrboniu  aeid  foiinil  is  divtdcil  by  tin? 
numbiir  nf  c.o.  of  soda  witter  contained  in  tbo  1)(>tt1i:  cjcaniincil,  tlie 
(lUrttieiit  will  be  the  volume  of  gas  coniparcil  with  tliat  of  the  soilii 
water.  Tho  volume  of  the  contenbi  of  the  bottle  is  nscertained  by 
marking;  the  height  of  tlio  Huid  {irevious  to  making  the  cxpcriuiciit ; 
the  bottle  is  afterwards  tilled  to  the  same  mark  with  wntor,  omiJtied 
into  ft  graduated  cylimler  and  measured  ;  sav  the  volume  was 
292  c.e.,  therefore 

1210 


292 


=  4-u  vols.  or'. 


C.     Oarbonio   Aoid   In   Air. 

A  dry  ••lass  f^Iobi'  or  bottle  capable  of  !)eing  Benundy  closed  by 
a  rubber  Mto|ii>er,  and  hohliiif,'  4  to  6  liters,  is  lilled  w'itb  the  iiir 
to  be  t«!3t(td  liy  meamt  nf  n  bellows  asiiinitor  ;  baryta  water  is  thvn 
introi.Uiced  in  cnnveuieiit  ijtiaiitity  and  of  knoM'ii  Hlteu^jth  us 
<-om|»are<l  witli  ytfit  "'■"'•'■^  I''**  vessel  is  seeiindy  tlnscd,  ami  (be 
liquid  allowed  to  tlnw  round  tho  sides  at  intervals  dririug  half  an 
hour  or  more.     When  absorption  is  judged  to  be  fniiplete,  the 

•Cloweiimil  ColamiiiipnteitoiuoutunLteilUuiewfiUrlnpliiFcof  bnrvlmiuHl 
tuTe obtalne'l t^iod  niiultg^  lee  tlielr  <imnl'tatiti  Ane'yit.iaA.  eMt.  p.  4111. 
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baryta  is  emptied  out  quickly  into  a  stoppered  bottle,  and  the 
excess  of  barj'ta  at  once  ascertained  in  a  measured  portion  by  y^ 
liydrocbloric  acid  and  turmeric  pai)cr  as  described  in  §  15.9.  The 
final  calculation  is  of  course  made  on  the  total  baryta  originally 
used,  and  upon  the  exact  measurement  of  the  air-collecting  vessel. 
It  is  above  all  things  necessary  to  prevent  the  absorption  of  CO^ 
from  extraneous  sources  during  the  experiment.  The  error  may  be 
reduced  to  a  minimum  by  carrying  on  the  titration  in  the  vessel 
itself,  which  is  done  by  fixing  an  accurately  graduated  pi])ette 
through  the  cork  or  caoutchouc  stopper  of  the  air  vessel,  to  the 
upper  end  of  which  is  attached  a  stout  piece  of  elastic  tube,  closed 
with  a  pinch-cock  ;  and  this  being  filled  to  tlie  0  mark  with  dilute 
standard  acid  acts  as  a  burette.  The  baryta  solution  tinted  with 
phenolphthalein  is  placed  in  the  air  bottle  which  must  be  of 
colourless  glass,  and  after  absorption  of  all  CO*-,  the  excess  of 
baryta  is  found  by  running  in  the  acid  until  the  colour  disappears. 
The  cork  or  stopper  must  have  a  second  opening  to  act  as 
ventilator ;  a  small  piece  of  glass  tube  docs  very  well. 

If  a  freshly  made  solution  of  oxalic  acid  is  used  containing 
0*2863  gm.  per  liter,  each  c.c.  represents  1  mgm.  CO-.  The  liquid 
holds  its  strength  correctly  for  a  day,  and  can  be  made  as  required 
from  a  strong  solution,  say  28*636  gm.  per  liter. 

Another  method  of  calculation  is,  to  convert  the  volume  of 
baryta  solutiim  decomi)osed  into  its  equivalent  volume  in  -^f^  acid, 
1  c.c.  of  which  =  0'0022  gm.  CO-  or  by  measurement  at  0°  C.  and 
760  m.m.  pressure  represents  I'll 9  c.c^  The  method  above 
described  is  a  combination  of  those  of  Pettenkofer  and  Dalton, 
and  though  much  used,  is  liable  to  considerable  error  from  various 
causes. 

A.  II.  (rill  in  a  report  from  the  Sanitary  and  Gas  Analysis 
Laboratory  of  the  Teclinical  Institute  at  Boston,  U.S.A. 
(Analust  xviL  184),  gives  a  somewhat  modified  arrangement  of  the 
Pettenkofer  method.  Ordinary  green  glass  bottles  of  one  or 
two  gallon  capacity  are  measured  with  water,  and  the  contents  in 
c.c.  ascertained  preferably  by  weighing  on  a  good  balance. 

The  bottles  are  dried  before  being  used,  this  may  easily  be  done 
by  rinsing  first  with  alcohol  or  methylated  spirit,  draining,  then 
rinsing  with  ether  and  after  again  draining,  the  bottle  is  quickly 
dried  by  blowing  air  tiirough  it  with  the  ordinary  laboratory  bellows. 
If  this  plan  is  not  used  they  must  be  dried  after  draining  well,  in 
•a  warm  closet.  A  special  form  of  bellows  for  filling  the  bottle 
with  air  is  used  by  Gill,  but  the  usual  asjiirator  made  on  the 
accordion  pattern  sufiices,  or  a  small  fan  blower,  the  driving  parts 
of  which  are  connected  by  rubber  bands  to  render  it  noiseless,  may 
be  used. 

The  bottle  is  fitted  with  a  rubber  stopper  carrying  a  glass  tube, 
closed  by  a  plug  of  solid  rubber. 

The  air  to  be  tested  is  drawn  into  the  bottle  by  repeated  use  of 
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the  aspirator  so  as  to  collect  a  representative  sample,  and  if  the 
test  is  made  in  a  room  everything  should  bo  quiet,  and  cani  must 
he  taken  to  avoid  draughts  or  the  proximity  of  a  numlx»T  of 
persons. 

Prore*t :  50  c.c.  of  tho  Rtandanl  barium  hydrate  are  run  into  tho 
bottle  rapidly  from  a  burette  (the  tip  pa!(8in^  ratirely  throuprh  the  tube  in 
the  stopper),  the  nipple  replaced,  and  the  lolution  spread  oomplotely  over  the 
i«ide8  of  the  bottle  while  waiting?  three  minuten  for  the  draininj^  of  the 
burette,  before  reading,  unlem  it  be  graduated  to  deliver  60  c.o.  Tho  bottle 
is  now  placed  upon  its  side,  and  shaken  at  intervals  for  forty  to  sixtv 
minutes,  taking  care  that  the  whole  surface  of  the  bottle  is  moistonod  with 
the  solution  each  time.  The  absorption  of  the  last  tnu^es  of  cjirbon  dioxide 
is  very  slow  indeed,  half  an  hour  in  many  ca^es  being  insufficient. 

At  the  time  at  which  the  barium  solution  is  addod,  the  tcm})erature  and 
pressure  should  be  noted.  At  the  end  of  tlie  above  period,  shake  well  to 
insure  homogeneity  of  the  solution,  remove  the  cap  from  tho  tube,  and 
invert  the  larf»e  bottle  quickly  over  a  GO  or  70  c.c.  glass  stoppered  bottle,  so 
that  the  solution  shall  come  in  contact  %vith  the  air  as  little  as  possible.  With- 
•out  waiting  for  the  bottle  to  drain,  withdraw  a  portion  of  15  or  23  c.c.  with 
u  narrow-stemmed  spherical-bulbed  pii)ette  and  titrate  with  sulphuric  acid* 
(1  c.c.=l  mgm.  CO-),  vmui^  rosolic  acid  as  an  indicator.  The  difference 
between  the  number  of  c.c.  of  standard  acid  roipiired  to  neutralize  the 
amount  of  barium  hydrate  (^.^.,  60  c.c.)  before  and  after  abs«>rption,  j^ives 
the  number  of  milligrams  of  carbon  dioxide  present  in  the  lM)ttlo. 

This  is  expressed  in  cubic  centimeters  under  standard  conditions,  and 
divided  by  the  cajiacity  of  the  bottle  under  standanl  conditions,  and  the 
results  reported  in  parts  per  10,000.  To  reduce  tho  air  in  tho  bottle  to  standard 
conditions,  a  hygrometric  measurement  of  the  air  in  tho  room  from  which 
the  sample  was  taken,  is  ne(M}ss:iry.  This  in  ordinary  cases  is  usually 
omitted,  as  the  object  of  the  investipition  is  comparative  results,  as  roptrds 
the  efficiency  of  ventilation,  and  the  rooms  in  the  same  building'  would  not 
vary  appreciably  in  the  amount  of  moisture  in  the  titmos])horo.  This 
correction  may  make  a  difference  of  about  015  parts  )>er  1U,01K). 

•  Another  methoil  on  the  samc^  i>rinciple  is  to  attach  a  hull) 
apparatus,  containing  a  measured  quantity  of  baryta  or  lime 
wattT,  to  an  a.spirator  Inittlcj  filled  with  water;  the  U\\)  of  the 
bottle  is  opened  to  such  an  extent  a.s  to  allow  the  air  to  bubble 
through  the  test  solution  at  a  moderate  rate.  The  j>rocess  of 
titration  is  the  samt^  as  above.  This  method  tak<*s  longer  time, 
and  the  volume  of  air,  which  should  not  1)0  less  than  livi?  or  six 
liters,  is  asoertiiined  by  measuring  the  volume  of  water  allowed  to 
tun  out  of  the  aspirator,  and  the  rate  of  flow  being  regulatvd  so 
that  from  two  to  three*  hours  is  re([uired  to  pass  the  above  volume 
of  air.  If  a  llask,  fitted  with  tubes,  is  used  in  i)la('e  of  the  bulb 
apparatu.s,  the  titration  may  be  done  without  transferring  the  test 
solution. 

*  Sulphuric  acid,  in  distinction  to  oxalic  acid,  enables  one  to  estiuiato  the  oxcc8f)  of 
bariniu  hydrate  in  presence  of  the  suspended  barium  carbonate,  und  ilIko  of  caustic 
alkali,  which  is  a  frequent  impurity  of  commercial  barium  hydrate.  Professor 
Johnson,  in  the  American  edition  of  Fresenius'  (^\uin\iUitire  A)(t\Ujn'\»,  calls 
attention  to  the  fact  that  the  normal  alkaline  oxalates  decompose  the  ulkuliue  earthy 
carbonates,  so  that  the  reaction  continues  alkaline  if  the  least  trace  of  hoiUi  or  potash 
be  present.  Tlie  sulphuric  acid  may  be  prejiared  by  dilutinjf  AfU'bl  c.c.  nonual  Hulphiuio 
^acia  to  a  hter. 
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6.    Sch.eibler'B  Apparatus  for  the  estixuation   of  Carbonic  Acid 

by  Volume. 

This  apparatus  is  adapted  for  the  estimation  of  tlie  CO^  contained 
in  native  carbonates,  as  well  as  in  artificial  products,  and  has  been 
specially  contrived  for  the  purpose  of  readily  estimating  the  00*-^ 
in  the  bone-black  used  in  sugar  refining.  The  principle  upon 
which  the  apparatus  is  founded  is  simply  this : — That  the  quantity 
of  CO'^  contained  in  calcic  carbonate  can  be  used  as  a  measure 
of  the  (piantity  of  that  salt  itself ;  and  instead  of  determining,  as 
has  usually  been  the  case,  the  quantity  of  gas  by  weight,  this 
apparatus  a<lmits  of  its  estimation  by  volume ;  and  it  is  by  this 
means  possible  to  perform,  in  a  few  minutes,  operations  which 
would  otherwise  take  hours  to  accomplish,  while,  moreover,  the 
operator  need  scarcely  possess  any  knowledge  of  chemistry.  The 
results  obtained  by  this  apparatus  are  correct  enough  for  technical 
purposes. 

The  apparatus  is  shown  in  fig.  36,  and  consists  of  the  following 
parts : — The  glass  vessel.  A,  serves  for  the  decomposition  of  the- 
material  to  be  tested  for  CC'^,  which  for  that  purpose  is  treated 
with  dilute  HCl ;  this  acid  is  contained,  previous  to  the  experiment,, 
in  the  gutta-jiercha  vessel  s.  The  glass  stopper  of  A  is  perforated^ 
and  through  it  firmly  passes  a  glass  tube,  to  which  is  fastened  the 
india-rubber  tube  r,  by  means  of  which  communication  is  opened 
with  B,  a  bottle  having  three  openings  in  its  neck.  The  central 
opening  of  this  bottle  contains  a  glass  tube  (r)  firmly  fixed,  which 
is  in  communication,  on  the  one  hand,  with  A,  by  means  of  the 
flexible  india-rubber  tube  already  alluded  to,  and,  on  the  other 
hand,  inside  of  B,  with  a  very  thin  india-rubber  bladder,  K. 
The  neck  {q)  of  the  vessel  B  is  shut  off  during  the  experiment  by 
means  of  a  piece  of  india-rubber  tubing,  kept  firmly  closed  with 
a  spring  clamp.  The  only  use  of  this  opening  of  the  bottle  B, 
arranged  as  described,  is  to  give  access  of  atmospheric  air  to  the 
interior  of  the  bottle,  if  required.  The  other  opening  is  in 
communication  with  the  measuring  apparatus  C,  a  very  accurate 
cylindrical  glass  tube  of  150  c.c.  capacity,  divided  into  0*5  c.c.  ; 
the  lower  portion  of  this  tube  C  is  in  communication  with  the 
tube  D,  serving  the  purpose  of  controlling  the  pressure  of  the  gasv 
The  lower  part  of  this  tube  I)  ends  in  a  ghiss  tube  of  smallej 
diameter,  to  which  is  fastened  the  india-rubber  tube  j^y  leading 
to  E,  but  the  communication  between  these  parts  of  tlio  apparatus 
is  closed,  as  seen  at  p,  by  means  of  a  spring  clamp.  E  is  a  water 
reservoir,  and  on  removal  of  the  clamp  at  p,  the  water  contained 
in  C  and  D  runs  off  towards  E  ;  when  it  is  desired  to  force  the 
water  contained  in  E  into  C  and  1),  this  can  ])e  readily  done 
by  blowing  with  the  mouth  into  V,  and  opening  the  clamp 
at  p. 

The  main  portion  of  the  apparatus  above  descril)ed,  with  the 
exception,  however,  of  the  vessel  A,  is  fixed  by  means  of  brass 
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fitting*  to  a  wooden  bonpl ;  a  Dioriuometer  is  also  att.aelifd.  Tho 
tilling  of  t)ic  appamtus  with  water  is  very  readily  efVcetoil  by 
]ioiirin^  it  through  a  suitable  fiiimel  jtlnced  in  the  opfii  end  of  the 
tube  D,  care  being  tiikeii  to  remove,  or  ut  leunt  to  mifiwtcn,  the 
spring  claniii  ut  ;* ,-  in  thia  manner  the  water  nius  into  E,  whith 


■Bhnuld  1«  Almost  eiitir'^ly  tilled.  Distilled  wat^r  in  I'reternblu  for 
thia  pm-piwe,  Mpeuiidly  as  the  fillinj;  only  ronuinti  to  Ik;  done  onee, 
lieciUise  the  water  always  reniaiiiM  in  K  iw  long  iw  thi'  appaiiittts  is 
tHt(!nd<-d  to  be  kejit  ready  for  use.  When  it  is  refniir<.'<l  Icj  till  the 
tubes  C  aud  J)  with  water,  »»  as  to  reach  the  zero  of  the  seal*) 
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of  the  instniment,  it  is  best  to  remove  the  glass  stopper  from  A. 
The  spring  clamp  at  p  is  next  unfastened,  and  air  is  then  blown  by 
means  of  the  mouth  into  the  tube  V,  which  comniutticates  with  E ; 
by  this  operation  the  water  rises  up  into  the  tubes  C  and  D, 
which  thus  become  filled  with  that  liquid  to  the  same  height. 
Care  should  be  taken  not  to  force  the  water  up  above  the  zero 
of  the  scale  at  C,  and  especial  care  should  be  taken  against  forcing 
so  much  of  the  fluid  up  that  it  would  run  over  into  the  tube  w, 
and  thence  find  its  way  to  B,  whereby  a  total  disconnection  of 
all  the  parts  of  the  apparatus  would  become  necessary.  If  by  any 
acci<lent  the  water  should  have  been  forced  up  above  the  zero  at  C, 
before  the  operator  had  closed  the  spring  clamp  at  p,  this  is  easily 
remedied  by  gently  opening  that  clamp,  whereby  room  is  given  for 
the  water  to  run  off  to  E  in  such  quantity  as  may  be  required  to 
adjust  the  level  of  that  fluid  in  C  precisely  with  the  zero  of  the  scale. 
The  filling  of  the  tube  C  with  water  has  the  effect  of  forcing  the 
air  previously  contained  in  that  tube  into  B,  where  it  causes  the 
compression  of  the  very  thin  india-rubber  ball  placed  within  B. 
If  it  should  happen  that  this  india-rubber  ball  has  not  become 
suflicieutly  compressed  and  flattened,  it  is  necessary  to  unfasten  the 
spring  clamp  at  7,  and  to  cautiously  blow  air  into  B,  through 
the  tube  7,  by  which  opemtion  the  complete  exhaustion  of  the 
india-rubber  bladder  placed  within  B  is  readily  performed.  This 
operation  is  also  required  only  once,  because  during  the  subsequent 
experiments  the  india-rubber  bladder  K  is  emptied  spontaneously. 
It  may  happen,  however,  that  while  the  filling  of  the  tubes  I)  and  C 
with  water  is  being  proceeded  with,  the  india-rubber  bladder  K 
has  become  fully  exhausted  of  air  before  the  water  in  C  reaches 
the  zero  of  the  scale.  In  that  case  the  level  of  the  water  in  the 
tubes  D  and  C  will  not  be  the  same,  but  will  be  higher  in  D : 
it  is  evident,  however,  that  this  slight  defect  can  be  at  once 
remedied  by  momentarily  unfastening  the  spring  clamp  at  q. 

The  apparatus  should  be  placed  so  as  to  be  out  of  reach  of  direct 
sunlight,  and  should  also  be  protected  against  the  heat  of  the 
operator's  body  by  intervention  of  a  glass  screen,  and  is  best  placed 
near  a  north  window,  so  as  to  aflbrd  sufticient  light  for  reading  off 
the  height  of  the  water  in  the  tubes. 

In  testing  carbonates  the  method  is  as  follows : — 

Put  the  very  finet^  powdered  portion  of  carbonate  into  the  perfectly  dr}' 
decomi>o.sing  glass  A,  fll  the  gutta-percha  tube  with  10  c.c.  hydrochloric 
acid  of  1*12  sp.  gr.,  place-  the  tube  cautiously  in  the  decomposing  glass,  and 
then  close  the  bottle  with  the  well-tallowed  stopper.  Here  the  water  will 
sink  a  little  in  C  and  rise  in  T) ;  open  q  for  a  moment,  and  the  equilibrium 
will  be  restored.  Now  note  the  thermometer  and  barometer,  gnisp  the  bottle 
with  the  right  hand  round  the  neck  to  avoid  warming,  raise  it,  incline  it 
slightly  so  that  the  hydrochloric  acid  may  mix  with  the  substance  gradually, 
and  at  the  same  time  with  the  left  hand  regulate  ^,  so  that  the  water  in  the 
two  tubes  may  be  kept  at  exactly  the  same  height;  continue  these  operations 
without  intermission,  till  the  level  of  the  water  in  C  does  not  change  for 
a  few  seconds.   Now  bring  the  columns  in  C  and  D  to  exactly  the  same  height,^ 
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read  off  the  heij^t  of  the  water,  and  note  whether  the  temperature  has 
remained  constant.  If  it  has,  the  number  of  c.c.  reml  off  indicates  the 
liberated  CO-,  but  as  a  small  quantity'  has  been  dissolved  by  the  hydrochloric 
acid,  it  is  necessary  to  make  a  correction.  Scheibler  has  dotcmiincd  the 
small  amount  of  carbonic  acid  which  remains  dissolved  in  the  10  c.c. 
hydrochloric  acid  at  the  mean  temperature,  and  he  directs  to  add  0*8  c.c.  to 
the  volume  of  the  carbonic  acid  read  off.  Warington  (C  N.  xxxi.  253) 
states  that  this  is  not  a  constant  quantity,  but  is  dependent  upon  the  volume 
of  gas  evolved,  and  this  ratio  he  fixes  at  7  per  cent,  of  the  gas  measured. 
Lastly,  the  volume  being  reduced  to  0",  76()  m.m.,  and  the  dry  condition,  the 
weight  is  found. 

Under  no  circumstances  can  the  method  be  considered  actually  accurate, 
but  for  technical  purposes  it  is  convenient,  as  the  operation  is  performed  in 
a  very  short  time,  and  is  speciafly  suitable  for  comparative  examinations 
of  various  specimens  of  the  sjimo  material. 

If  it  is  desired  to  disj^eiise  with  all  corrections,  each  set  of 
experiments  may  be  begun  by  estiiblishing  the  relation  between 
the  CO-  obtained  in  tlie  process  {Le.  the  CO-  actually  yielded 
+  0*8  c.c.)  and  pure  calcic  carbonate.  This  relation  is,  of  course, 
dependent  on  the  temj)erature  and  pressure  i)revailing  on  the 
particular  (Liy.  For  example,  from  0*2737  gm.  calcic  carbonate 
containing  0*1204  gm.  CO-,  63*8  c.c.  were  obtained,  including 
the  0*8  c.c. ;  and  in  an  analysis  of  dolomite  under  the  same 
circumstiinces  from  0*2371  gm.  substance,  57*3  c.c.  were  obtained, 
including  the  0*8  c.c. 

Therefore  63*8  :  57*3  :  :  0*1204  :  .r,  or  r  =  0*1082,  conseciuently 
the  dolomite  contains  45*62  per  cent,  of  C(J'-. 

For  the  special  procedure  in  testing  l>one-black,  used  in  sugar 
refining,  the  reader  is  referred  to  tin*  print<Ml  instructions  supplied 
with  the  apparjitus.* 

Wigner  {An<i/f/sf  i.  158)  hivs  obtained  exceedingly  good  result«< 
in  the  analysis  of  lead  carbonates,  etc.,  witli  Me  Leod's  gas 
apparatus.  TIkj  nitn^meter  h^is  also  been  turned  to  good  account 
for  the  same  i)uri)ose. 

CITBIG    ACID. 

eH)-IPxH-'O  =  210. 

§  24.  This  aciil  in  the  free  stiite  may  readily  \)o  titrated 
with  pure  normal  soda  and  phenolphtlialein.  1  c.c.  normial  alkali 
=  0*07  gm.  crystallized  citric  acid. 

1.  Citrate*  of  the  AlkaUee  and  Eartlui.— These  citrates  may  be 
treated  with  neutral  solution  of  lead  nitrate  or  acetate,  in  the  absence  of 
other  acids  precipitable  by  lead.  The  lead,  citrate  is  washed  with  a  mixture 
of  equal  parts  alcohol  and  water,  the  precipitate  suspen<lo<l  in  water,  and 
H^  ixassed  into  it  till  all  the  lead  is  converted  into  sulphide;  the  clear 
liquid  is  then  boiled  to  remove  H"S,  and  titrated  with  normal  alkali. 

*  It  is  perhaps  almost  needlev  to  aay  that  the  modem  appamtns  (leoignecl  hy 
Hempel,  Lunge,  ami  others,  for  technical  gtm  analysis,  practically  superscNiles  that 
of  Scheibler.  The  methods  are  all,  however,  open  to  the  objection  that  an  uncertain 
portion  of  CO'-!  is  lost  by  aqueous  absorption. 
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2.  Fruit  Juices,  etc. — If  tartaric  is  present,  together  with  free 
citric  acid,  the  former  is  first  separated  as  potassic  bitartrate, 
which  can  very  well  be  done  in  the  presence  of  citric  acid,  as 
follows : — 

A  cold  saturated  proof  spirit  solution  of  ]>otassic  acetate  is  added  to  a 
somewhat  strong  solution  of  the  mixed  acids  in  proof  spirit,  in  sufficient 
quantity  to  separate  all  the  tartaric  acid  as  bitartrate,  which  after  stirring 
well  is  allowed  to  stand  some  hours ;  the  precipitate  is  then  transferred  to  a 
filter,  and  first  washed  with  proof  spirit,  then  rinsed  off  the  filter  with  a  cold 
saturated  solution  of  potassic  bitartrate,  and  allowed  to  stand  some  hours, 
with  occasional  stirring;  this  treatment  removes  any  adhering  citrate.  The 
bitartrate  is  again  brought  on  to  a  filter,  w^ashed  once  with  proof  spirit,  then 
dissolved  in  hot  water,  and  titrated  with  normal  alkali,  1  c.c.  of  which  — 
0"15  gni.  tartaric  acid. 

The  first  filtrate  may  be  titrated  for  the  free  citric  acid  present  af^r 
evaporating  the  bulk  of  the  alcohol. 

3.  Lime  and  Lemon  Juices. — The  citric  acid  contained  in  lemon, 
lime,  and  similar  juices,  may  be  very  fairly  estimated  by 
Waringtons  method  (J.  C.  S.  1875,  934). 

15  or  20  c.c.  of  ordinary  juice,  or  3—4  c.c.  of  concentrated  juice,  are  first 
exactly  neutralized  with  pure  normal  soda,  made  up,  if  necessary,  to  about 
50  c.c,  heated  to  boiling  in  a  salt  bath,  and  so  much  solution  of  calcic 
chloride  added  as  to  be  slightly  in  excess  of  the  organic  acids  present.  The 
mixture  is  kept  at  the  boiling  point  for  about  half-an-hour,  the  precipitate 
collected  on  a  filter  and  washed  with  hot  water,  filtrate  and  washings  concen- 
trated to  about  15  c.c,  and  a  drop  of  ammonia  added ;  this  will  produce  a 
further  precipitate,  which  is  collected  separately  on  a  very  small  filter  by 
help  of  the  previous  filtrate,  then  washed  with  a  small  quantity  of  hot  watpr. 
Both  filters,  with  their  precipitates,  are  then  dried,  ignited  at  a  low  red  heat, 
and  the  ash  titrated  with  normal_  or  yw  ^^id,  each  c.c.  of  which  represents 
respectively  007  or  0007  gm  W'Ci  +  H-0. 

FOBHIC    ACID. 

nCOOH  =  46. 

g  25.  If.  C.  Junes  (Ainer.  Chem.  Jour.  xvii.  539 — 541)  has 
M'orked  out  a  method  which  though  not  acidimetric  may  be 
([uoted  here.  It  is  based  on  a  process  originally  devised  by 
Pcaii  de  8aint-Gilles,  by  titration  with  potassic 'permanganate 
in  the  presence  of  an  alkaline  carbonate.  Lieben  continued 
this,  using  a  more  elaborate  process.  The  method  is  on  the  same 
princii)le,  but  the  procedure  differs  from  that  of  Lieben. 

Process  :  The  solution  containing  the  formic  acid  is  made  alkaline  with 
Xa^CO*',  warmed  and  an  excess  of  standard  permanganate  added.  All  the 
formic  acid  is  thus  oxidized,  and  a  precipitate  of  manganese  hydroxide 
thrown  down.  The  solution  is  acidified  with  H*SO^,  and  a  measured  volume 
of  oxalic  a<;id  run  in  until  all  the  precipitate  has  dissolved  and  the 
permanganate  disappeared.  The  excess  of  oxalic  acid  is  then  titrated  with 
standard  permanganate.  A  volume  of  oxalic  acid  equal  to  that  taken  is  also 
titrated  with  the  permanganate  solution,  and  the  ditference  between  the  result 
•ind  the  total  permanganate  used  gives  the  quantity  of  permanganate  required 
to  oxidize  the  formic  acid.  The  experimental  results  agree  well  among 
themselves  and  with  those  obtained  by  other  methods. 
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The  author  fnrthor  shows  that  Saint-lJillos'  stateiiK'nt  that 
oxalic  acid  can  be  titnitcd  in  acid  sohition  in  the  presence  of 
formic  acid  is  unreliable,  since  formic  acid  ia  also  oxidized  to  some 
extent  by  the  ]M»rmanganate  under  these  conditions. 

F.  Freyer  {Chein.  Zeit.  xix.  1184),  having  occasion  to  determine 
the  formate  in  a  mixture  of  calcium  acetate  and  formate,  has 
devised  the  following  method. 

Process :  The  mixiHl  calcium  salts  are  distilled  with  dilute  sulphuric  acid 
in  a  current  of  steam  until  the  distillate  in  no  longer  acid  ;  an  aliquot  ]»ortion 
of  the  distillate  is  tit rate<l  with  alkali  to  determine  the  total  aoid,  whilst 
another  portion  is  evaporated,  if  neccpwiry,  with  excess  of  caustic  scnla  to 
concentrate  it,  and  is  treated  as  follows:  10  to  20  c.c ,  containing  about 
0'5  gm.  of  formic  a('i<l,  are  heated  for  half  an  hour  to  an  hour  with  50  c.c. 
of  u  0  ]»er  cent,  solution  of  potassic  bichn)mate  and  10  c.c.  of  concentrated 
sulphuric  acid  in  a  flask  provided  with  an  inverte<l  condenser.  The  liquid  is 
now  made  up  to  2(X)  c.c,  and  the  unaltered  chromic  acid  determined  in 
10  c.c.  of  it.  For  this  purpose.  1  to  2  gm.  of  pure  ]>ota8sic  iodid*',  10  cc. 
of  a  25  }>er  cent,  solution  of  jjhosphoric  acid,  and  some  wat^^r  are  added;  and 
after  five  minutes  th«'  polulion  i«  diluted  to  about  ICO  c.c.  with  boiled  water, 
and  titrateil  with  j'n  thiosulphate  solution  in  the  usual  manm-r.  The 
phosphoric  acid  is  a<i<kHl  according?  to  Meineke's  recommendation,  and  is 
for  the  purpose  of  rendering,'  the  chanj^o  from  the  blue  colour  of  the  iodide 
of  starch  to  the  screen  of  tlie  chromium  salt  more  visible;  the  connnen*ial 
glacial  acid  may  i)e  diss(dved  in  water,  oxidized  by  potassium  perman^nate 
until  it  has  a  faint  rose  <'(»lour,  and  filtered  before  being  up(h1. 

The  bichromate  solution  used  for  the  oxidation  i«  titrat«'d  in  the  same 
way.     One  mol.  potx^sic  bir*hromate  is  equivalent  to  thn'e  mols.  formic  acid. 

The  result^s  (juoted  by  the  author  show  that  the  method  i.^  fairly 
accurate,  both  in  the  al»sence  and  in  presence  of  acetic  acid. 


HYDROFLUORIC    ACID,    SILICOFLUORIC    ACID, 

AND    FLXTORIDES. 

1  C.c.  (.f  7  alkah  -  0-02  gm.  of  IIF :--  0-024  gm.  of  H-'SiF*. 

i$  20.  0>.\iMEH<;iAL  hydrofluoric  acid,  which  is  now  a  not 
incon.siderable  article  of  eommerce,  is  as  a  rule  far  from  pure.  It 
generally  contains  in  addition  to  hy<lroHuoric  acid,  silicofluoric  acitl, 
•sulphnrii^  acid,  sulphurous  acid,  an<l  fretjuently  traces  of  iron  and 
lead.  Two  analyses  of  <.omnicrcial  acid  gave  tlie  f^dluwing 
figures :  -  - 

1.  J. 

lIyilroflu«»ric  acid    48-00     loSO 

8ilicotluoric  acid     13*05     \iid 

Sulphuric  acid     4*07      :\"2:\ 

Sulphurous  acid 0*49     .    ...        100 

I^ft  cai  evaporation    0*16     — 

Water  bv  ditterence    34*23     40*42 


100*00  10000 
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If  it  is  desired  to  prepare  pure  acid,  the  best  way  is  to  add  to  thc^ 
commercial  acid  peroxide  of  hydrogen  till  it  ceases  to  bleach 
iodine,  and  then  potassic  hydric  fluoride  sufficient  to  fix  all  tho 
silicofluoric  and  sulphuric  acids.  Re-distillation  in  a  lead  retort 
with  a  platinum  condenser  will  then  give  perfectly  pure  acid. 

The  total  amount  of  free  acid  may  be  estimated  with  normal 
alkali  (preferably  potash),  using  phenolphthalein  or  litmus,  the 
former  is  best.  Methyl  orange  and  lacmoid  do  not  give 
good  results.  In  the  case  of  pure  acid,  each  c.c.  of  ^  alkali 
indicates  0*02  gm.  of  HF,  and  the  reaction  when  phenolphthalein  is 
employed  is  very  sharp.  Wlien,  however,  commercial  acid  Ls  thus 
titrated  a  difference  is  observed;  the  pink  colour  obtained  on 
adding  the  alkali  only  endures  for  a  second  or  so  and  then  fades 
away,  and  this  may  be  repeated  for  some  time  till  at  last 
a  permanent  pink  is  produced.  The  cause  of  this  is  the  presence 
of  silicofluoric  acid.  The  first  appearance  of  pink  ensues  when 
the  reaction  H'^SiF^^  +  K20  =  K^SiF^  +  H^O  occurs.  Then  another 
reaction  sets  in 

K^SiF^  +  2K20  =  (KF)^>  +  SiO-', 

but  from  the  slight  solubility  of  the  potassium  silicofluoride  some 
time  elapses  before  it  is  complete. 

The  sulphuric  and  sulphurous  acid  must  also  be  estimated  if  the 
real  amount  of  HF  is  required. 

Sstixnation  of  Sulphuric  Acid  in  Presence  of  Hydrofluoric  Acid 
(W.  B.  Giles).  Loug  experience  has  conviuced  the  author  of  this  new- 
process,  that  all  methods  depending  upon  the  supposed  solubility  of  barium 
fluoride,  and  the  corresponding  insolubility  of  the  sulphate  in  either  hot  or 
cold  diluted  hydrochloric  acid  give  most  erroneous  results.  For  instance, 
a  sample  of  hN^drofluoric  acid  known  to  contain  4''/^  of  H^S0"*wa8  treated  in 
the  >vay  described  by  Fresenius,  using  a  large  vohime  of  hot  dilute 
hydrochloric  acid,  and  the  precipitate  was  copiously  washed  with  the  same 
weak  acid.  The  barium  precipitate  obtained  was  equal  to  6*08  °/„  of  SO^  or 
over  50"/„  more  than  was  present,  and  it  was  found  that  on  repeatedly 
moistening  the  precipitate  with  dilute  H-80*',  and  re-igniting,  that  the 
weight  increased  materially,  showing  co-precipitation  of  barium  fluoride. 
The  author  therefore  devised  the  following  process  for  the  estimation  of  the 
SO*  which  gives  accurate  results.     Its  basis  is — 

1.  The  conversion  of  HP  into  H'^SiF',  which  is  easily  accomplished. 

2.  The  precipitation  of  the  SO^  from  this  solution  by  means  of  lead  silico- 
fluoride. 

3.  The  total  insolubility  of  PbSO^  in  a  solution  containing  an  excess  of 
the  said  lead  salt. 

Process :  A  convenient  weight  of  the  hydrofluoric  acid  is  placed  in 
a  platinum  dish,  about  half  its  volume  of  water  is  added,  and  then 
precipitated  silica  in  evident  excess,  and  the  whole  is  allowed  to  stand  with 
occasional  stirring  for  a  few  hours.  It  is  then  filtered,  using  an  ebonite 
funnel,  into  another  suitable  platinum  basin,  and  the  excess  of  silica 
thoroughly  washed,  the  filtrate  and  washings  are  then  evaporated  to 
a  convenient  bulk,  and  solution  of  lead  silicofluoride  is  added  in  excess.  If 
the  least  trace  of  sulphuric  acid  was  contained  in  the  acid  originally,  an 
almost  immediate  precipitate  of    PbSO^   will  form,  as  it  is  exceedingly 
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iiiHoluble  in  the  prej«nce  of  the  lead  nilicofluoride.  The  sohition  is  allowed 
to  stand  an  hour  or  two.  and  the  PbSO*  separated  by  filtration,  when  it  can 
of  course  Ik?  treated  in  any  ronvenieat  volumetric  way  for  the  estimation  of 
the  lead,  or  it  may  be  weijfhed  direct. 

Lejid  silicoftuorido  is  easily  prepared  by  saturating:  commercial  FTP  with 
coarsely  powdered  flint  in  a  lead  basin,  and  then  ngitatin*,'  with  powdered 
lithar^ce.  Its  solubility  is  very  great,  and  the  specific  j^vity  of  the 
solution  may  reach  2*(K>0  or  more. 

Kxample :  To  3789  ^'m.  of  chemicall}'  pure  IIF  of  1250  sp.  j^r.,  there 
was  addM  25  vx.  of  normal  acid— TO  jpn.  SO*.  The  mixture  was  tliei¥ 
treated  jis  des<?ribed  above,  and  j(ave  PbSK)*  3782  jrm.=  r(XX)2  gm.  of  80^. 

Bstlmation  of  the  SiUcofluorio  Acid.  To  a  convenient  (luantity  of  the 
a<:id  cont:iine<l  in  a  platinum  dish,  a  solution  of  potassic  acetate  in  stnni;: 
methylate<l  spirit  is  adde<l  in  excess,  and  then  more  spirit  is  added,  so  that 
there  may  be  about  e<juul  volumes  of  li(|uid  and  spirit.  Allow  to  stand  for 
sevenil  hours,  and  then  filter  and  wash  with  a  mixture  of  half  spirit  and 
half  water.  The  resulting  ]»otassium  silicoQuoride  may  then  be  titrated 
with  normal  alkali  acoordiufc  to  the  eipiation  : 

K-SiP«-f-'(K20)  -(KF)«+SiO-, 

or  if  the  filter  was  a  weighetl  one,  it  ujuy  be  dried  at  100'  C.  and  weighed 
direct. 

Example :  2  jkfui.  of  chemically  pure  precipitated  silica  were  dissolved  in 
a  lar>^»  excepts  of  pure  diluted  HF.  Treated  as  above  describe*!,  it  yiehled 
7*35  j^.  of  K-SiF*'  which  eipials  2*C)04  ^n.  of  silica;  2  ifui.  of  some 
powderwl  flint  treated  in  the  same  way  with  50  gm.  of  pure  HF  (of  40**'^) 
gave  7168  gm.  of  K'-SiF«r=  1-968  gm.  of  silica. 

Sulphurous  Acid. — This  is  easily  estimated  by  taking  the  solution  which 
results  fn)m  the  tot^il  acidity  determination  an(l  titnitint?  with  decinonnal 
iodine.     Connnercial  hydrofluoric  atnd  generally  contains  from  0*5  to  20 ^\,« 

The  amount  of  each  of  tho  impurities  being  thus  known,  the 
I^ercentiige  of  real  HF  is  e.isily  calculated;  fjj.y  10  gm.  of  an 
acid  was  found  to  neutralize  270*0  c.c.  of  normal  alkali.  It  was 
found  to  give  the  following  results  : — 

(•  c.  normal  alkali    80  =    3*23  S(>^ 

„     390=    9-36H^SiP'' 
270  -  47  -  229  e.e.  x  002  =  45*80  %  IIF. 

41*61  /  H-O  by  difference 


100-00 
In  this  instance  the  amount  of  80^  avjis  not  allowed  for. 

Biiluorides. — These  salts  have  lately  been  uscmI  to  .some;  e.xtent 
on  the  Continent  by  ilistillers.  They  nmy  l)e  titrated  in  the  same 
Avay  as  the  acid  with  phenolphthalein.  They  generally  contain 
some  silicoMuoride.* 

The  estimation  of   tlut)rine  in  soluble  fluorides  luus  lieen  done 

*  The  whole  of  thi«  section,  to  thin  point,  U  kindly  contributed  hy  W.  B.  Oiles, 
F.I.C.,  who  luui  had  Urife  practical  experience  on  the  uubjects  treated. 
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volumetrically  by  Knobloch  (Pharm,  Zeitshnft  xxxix.  558). 
The  process  is  based  on  tlie  following  facts : — 

Wben  a  solution  of  ferric  chloride  is  mixed  with  its  equivalent 
quantity  of  potavssic  fluoride  the  decomposition  is  complete,  and 
the  resulting  ferric  fluoride  solution  is  colourless.  In  this  state 
the  iron  is  not  detectable  by  such  tests  as  thiocyanate,  salicylic 
acid,  etc.  Still  more  interesting  is  the  fact  that  ferric  fluoride 
does  not  liberate  iodine  from  iodides. 

The  following  standard  solutions,  &c.,  are  required : — 

iXF  potassic  fluoride ;  5*809  gm.  of  the  pure  ignited  salt  in 
a  liter  of  water. 

^  solution  of  ferric  chloride,  which  the  author  prepared  by 
diluting  19  gm.  of  the  officinal  ferric  chloride  of  the  Prussian 
j)harmacopGeia  to  a  liter. 

yyij  sodic  thiosulphate  solution. 

Zinc  iodide  solution,  made  by  mixing  10  gm.  of  iodine,  5  gm. 
of  zinc  powder,  and  25  c.c.  of  water  in  a  flask,  and  warming  till 
the  violent  action  is  over  and  the  solution  colourless,  then  diluting 
to  40  c.c.  and  filtering. 

Process :  The  liquid  containing  the  fluorides  in  solution  is  mixed  with 
a  known  excess  of  ferric  chloride  solution,  then  with  excess  of  zinc  iodide, 
and  allowed  to  remain  in  a  closed  vessel  at  35—40''  C.  for  half  an  hour ;  the 
liberated  iodine  is  then  titrated  with  thiosnlphate.  The  volume  of  the 
latter  used  is  deducted  from  that  of  the  ferric  chloride— the  difference  is  the 
measure  of  the  fluorine,  1  c.c.  thiosulphate  =00019  gm.  P. 

The  author  stiites  that  calcium  and  strontium  in  their  soluble 
salts  may  also  be  estimated  by  the  same  method  by  acidifying 
their  solutions  with  hydrochloric  acid,  adding  equal  volumes,  first 
of  potassic  fluornle  and  then  ferric  chloride  solutions  in  excess, 
excess  of  zinc  iodide  is  then  added,  and  digested  at  35 — 40*"  C. 
and  the  liberated  io<line  ascertained  as  before,  1  c.c.  of  thiosulphate 
=  0  002  Ca. 

None  of  these  reactions  have  been  verified  by  me,  but  the 
method  as  given  here  is  novel,  and  probably  capable  of  being 
developed  by  experience. 

A  very  interesting  paper  on  the  acidinietry  of  hydrofluoric  acid 
is  contributed  by  Haga  and  Osaka  (/.  C.  S.  xvii.  xviii.  251),  being 
the  results  of  independent  experiments  made  by  them  in  the 
laboratory  of  the  Imperial  University,  Japan. 

The  authors  examined  the  behaviour  of  the  usual  indicators  in 
the  neutralization  of  hydrofluoric  acid.  That  its  alkali  salts  blue 
litmus,  and  that  its  avidity  number  places  it  among  the  vegetable 
acids  rather  than  with  the  strong  mineral  acids,  appear  to  be  the 
only  two  facts  j'et  recorded  bearing  upon  its  acidinietry. 

To  get  uniform  indications  it  was  found  necessary  to  have  not 
only  the  acid  pure,  but  the  titrating  solutions  also ;  a  little  silica, 
alumina,  or  carbon  dioxide  aff'ecting  the  titration  more  than  it 
would  in  the  ciise  of  the  ordinary  mineral  acids. 
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Phenol phthnlciii  in  the  best  indiwitor,  ami  leaves  nothing  to  be 
desired  when  potixsh  or  soda  is  used  for  tlie  titration.  Kosolie  acid 
is  almost  eijiial  to  it,  and  can  be  used  besides  with  ammonin. 
"With  both  indicators  the  change  of  colour  has  the  advantiige  of 
being  very  evident  in  platinum  vessels.  Methyl  orange  is  useless. 
Litmus,  lacmoid  and  phenacetolin  are  all  capable  of  being  made  to 
yield  accurate  results  in  the  hands  of  an  experienced  oi)erator. 

The  fact  that  accurate*  results  can  onlv  be  obtained  with  verv 
pure  acid  and  reagents,  miHtates  against  the  value  of  any 
acidimetric  ju'ocess,  and  therefore  the  indirect  nu»tho<l  by  (liles, 
described  above,  is  of  greater  technical  value. 

OXALIC    ACID.- 

C-*H20^2IP()=126. 

§  27.  The  free  acid  can  be  accurately  titrated  with  normal 
alkali  and  phenolj)hthalein. 

In  conibinalion  with  alkalies,  the  acid  can  ])c  precipitated  with  calcic 
chliiride  as  calcic  oxalate,  where  no  other  matters  occur  ]>recipitabIo  by 
calcium ;  if  acetic  acid  is  present  in  nlij^ht  oxce^*>«  it  i»  of  no  consequence,  as 
it  ]>reveiits  the  precipitation  of  Hinall  quantities  of  sulphates.  The  precipi- 
tate is  well  washed,  dried,  i)^mited,  and  titnited  with  nonnal  acid,  1  c.r.  of 

which  =  0068  jnn.  (V. 

Acid  oxalates  are  titrate<l  direct  for  the  amount  of  fr(»e  acid. 
The  reaction  continues  to  be  acid  until  alkali  is  a<l<led  in  such 
proportion  that  1  molecule  acid  =  2  atoms  alkali  metal. 

The  combine<l  acid  may  be  found  by  igniting  the  salt,  and 
titrating  the  residual  alkaline  carbonate  as  above. 

PHOSPHOBIC    ACID. 

P20->=U2. 

§  2:^.  Free  tribasic  phosphoric  acid  cannot  l>e  titrat<»d  directly 
with  nornud  alkali  in  th(^  same  manner  as  most  fr(M»  acids,  owing  to 
the  fact,  that  when  an  alkaline  base  (scnla,  for  instance)  is  adde<l  to 
the  acid,  a  combination  occurs  in  which  at  one  and  the  same  time 
red  litmus  i)apcr  is  turned  blue  and  blue  retl.  This  fact  has  been 
repeatedly  noticed  in  the  case  of  some  specimens  of  urine,  also  in 
milk.  In  order,  therefore,  to  estimate  phosphoric  acid,  or  alkaline 
jdiosjdiates,  alkalimetrically,  it  is  necessary  to  prevent  tlu^  fonnation 
of  soluble  phos])hate  of  alkali,  and  to  bring  the  acid  into  a  iletinit^j 
compound  with  an  alkaline  earth.  Such  a  method  gives  t<derably 
good  results  when  carried  out  as  follows : — 

The  solution  of  free  acid,  or  its  acid  or  noutnil  combination  with  alkali  in 
a  somewhat  dilute  stjite,  is  ])laced  in  a  flask,  and  a  known  vohnae  of  normal 
alkali  in  excess  addc<i,  in  order  to  convert  the  whole  of  the  atud  into  a  basic 
salt;  a  drop  or  two  of  rosolic  acid  is  added,  then  suflicient  neutral  baric 
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chloride  poured  in  to  combine  with  all  the  phosphoric  acid,  the  mixture  is 
heated  nearly  to  boiling ;  and,  while  hot,  the  oxcess  of  alkali  is  titrated  with 
normal  acid.  The  suttpended  baric  phosphate,  together  with  the  liquid, 
possesses  a  rose-red  colour  until  the  last  drop  or  two  of  acid,  after  continuous 
heating,  and  agitation,  gives  a  permanent  white  or  slightly  yellowish,  milky 
appearance,  when  the  process  is  ended. 

The  volume  of  normal  alkali,  less  the  volume  of  acid,  rex>resents  the 
amoimt  of  alkali  required  to  convert  the  phosphoric  acid  into  a  chemically 
neutral  salt,  e.g.  trisodic  phosphate.  1  c.c.  alkali  =  0'02366  gni.  P^O*.  In 
dealing  with  small  quantities  of  material,  it  is  better  to  use  "  or  /^  standard 
•solutions. 

Thomson  has  shown  in  his  researches  on  the  indicfitors,  that 
phosphoric  acid,  either  in  the  free  state,  or  in  combination  with 
soda  or  potash,  may  with  very  fair  accuracy  be  estimated  by  the 
help  of  methyl  orange  and  phenolphthalein.  If,  for  instance, 
normal  potiish  be  added  to  a  solution  of  phosi)horic  acid  until  the 
pink  colour  of  methyl  orange  is  discharged,  KH-rO**  is  formed 
<112  KHO  =  142  P20^).  If  now  phenolphthalein  is  added,  and 
the  addition  of  potash  continued  until  a  red  colour  occurs,  K-HPO* 
isfonned.  (Again  112  KHO  =  142  P-^O^.)  On  adding  standard 
hydrochloric  or  sulphuric  acid,  until  the  pink  colour  of  methyl 
•orange  reappears,  the  titration  with  standard  potash  may  be 
repeated. 

Many  attempts  have  been  made  to  utilize  these  reactions  for  the 
accurate  estimation  of  P2Q5  ^^  manures,  etc.,  but,  so  far  as  my 
own  experience  goes,  without  adequate  success. 

Titration  as  Amznoxiio-inaemeBiazi  Phosphate. — Stolba  {Cliem, 
Cent,  1866,  727,  728)  adojits  an  alkalimetric  method,  which 
depends  upon  the  fact,  that  one  molecule  of  the  double  salt 
recjuires  two  molecules  of  a  mineral  acid  for  saturation. 

The  precipitation  is  made  with  magnesia  mixture,  the  precipitate  well 
washed  with  ammonia,  and  the  latter  completely  removed  by  washing  with 
alcohol  of  50  or  60  per  cent.  The  precipitate  is  then  dissolved  in  a  meafjured 
excess  of  jV  acid,  methyl  orange  added,  and  the  amount  of  acid  required  found 
by  titration  with  VV  alkali.  Care  must  be  taken  that  all  free  ammonia  is 
removed  from  the  filter  and  precipitate,  and  that  the  whole  of  the  double 
salt  is  decomposed  by  the  acid  before  titration,  which  may  always  be  insured 
b}'  using  a  rather  large  excess  and  warming.    The  titration  is  carried-  on  cold. 

This  method  has  given  me  very  good  results  in  comparison  with 
the  gravimetric  method.  The  same  process  is  aj)plicable  to  the 
estimation  of  arsenic  acid,  and  also  of  magnesia. 

1  cc,  of  -/ff  acid  =  0-00355  gm.  P20^ 

=  0-00575  gm.  As^O^' 
=  0  002      gm.  MgO 

Tlie  reaction  in  the  case  of  phosphoric  acid  may  be  expressed  as 
follows : — 

Mg  (NH-*)  IHy'  +  2HC1  =  (NH-*)  H^po*  +  MgCP. 
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Method  for  the  Determination  of  Fliosphorio  Acid  in  its  Pure 
Solutions — K.  Se^alle  (Z.A.C.  xxxiv.  83—39)  has  investij^atod  various 
methods  for  the  above  piiq>ose  with  the  followin>(  result: — 

By  far  the  most  accurate  results  are  obtjiincd  by  (i liicksmann  's  method. 
In  this,  the  i)ho€«]>horic  acid  is  precipitated  by  an  excess  of  **  magnesia 
mixture  "  of  known  strength  in  free  ammonia,  the  precMpitate  filtered  off, 
and  the  free  ammonia  left  in  solution  is  titrated  by  standani  acid.  From 
the  equation — 

IPPOH  MkSO^  +  3NIP=  MgNH*PO^  +  {:SW)^HO* 

it  will  be  seen  that  H»PO=3NH=. 

The  following  modification  is  recomraended  as  being  more  convenient  and 
simple.  To  the  phosphoric  acid  solution,  contained  in  a  graduated  flask,  an 
•excess  of  standard  ammonia  (prefenibly  normal)  is  addcHl,  followed  by  an 
excess  of  a  saturatc<l  neutral  solution  of  magnesium  sulphate.  The  liquid 
is  then  diluted  to  the  mark,  well  shaken,  and  filtered,  and  the  residual 
ammonia  titrated  in  an  aliquot  part  of  the  filtrate. 

On  account  of  its  simplicity,  the  modified  method  is  well  ada])ted  for 
ascertaining  the  strength  of  the  solutions  of  j»hosphoric  acid  employed  in 
pharmacy. 

SULPHXTILIC    ANH7DBIDE. 

SO^  =  80. 

^  29.  NouniiAUHEN  or  fuming  8ulj)huric  acid  consists  of  a 
inixturci  of  SO'*  and  II-SO"*.  When  it  is  rich  in  8U"  it  occurs  in 
a  solid  form,  and  bcinj^  very  hygroscoi»ic  <*annot  bo  weighed  in  the 
ordinary  manner.  Its  strength  is  tlierefore  best  tiken  in  the  Avay 
recommended  ]>y  Messel  as  follows : — A  very  thin  bulb  tulx;  with 
capillary  ends  is  inserted  into  a  bottle  of  the  melted  aci«L  The 
ends  are  bent  like  the  letUrr/,  the  bulb  being  in  the  middle.  The 
bottle  should  })(i  of  sucli  size,  tliat  one  end  of  the  tulx?  ])rojects  out 
of  its  mouth.  As  soon  as  the  bull)  is  tilled,  the  ui)|)er  capillary 
end  is  sealed,  the  tube  lifted  out,  Aviped,  inverted,  and  the  other 
end  seahul ;  the  tulx*  is  then  carefully  wijxid  with  blotting  j»apcr 
till  dry  and  <'lean,  then  weighed.  A  stopiK*red  bottle,  just  large 
enough  to  allow  the  tube  being  ]>laced  l(M)sely  inside  it,  is  then 
about  one-third  filhul  with  water,  the  tube  gently  inserted,  the 
stopper  replaced,  hehl  iirmly  in  by  the  hand,  ami  a  vigorous  shake 
given  so  as  to  break  the  tube.  A  sudden  vibration  occurs  from 
contact  of  the  acid  with  the  watt»r,  but  no  danger  is  incurred. 
A  white  cloud  is  seen  on  the  sides  of  the  lx)ttle,  which  dis^ipjw^ars 
on  shaking  f<jr  a  few  minutes.  After  the  bottle  is  cooled  the 
contents  are  emptied  into  a  measuring  flask.  An  ali<iui»t  portion 
is  then  taken  out  an<l  titrated  with  "^  icKline  for  SO'-,  which  is 
always  ])resent  in  small  (juantity  :  another  ])ortion  is  titrated  with 
standard  alkali  and  methyl  orange  for  sulphuric  acid.  No  other 
indicator  is  availabh*,  and  as  Lunge  has  jminted  out  (Ztit.  Anfjfir. 
Chi'in.  1895,  221),  neutndity  is  reached  when  the  acid  sulphite  is 
formed,  and  not  when  the  whole  of  the  SO-  is  neutralized. 
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TABTABIC    ACID. 

g  30.  The  free  acid  may  be  readily  titrated  with  normal  alkali 
ami  phenolplithalein. 

1  c.c.  alkali  =  0*075  gm.  tartaric  aeid. 

The  amount  of  tartaric  acid  existing  in  tartaric  acid  liquors  is 
best  estimated  by  precipitation  as  potassic  bitartrate ;  the  same  is 
also  the  case  with  crude  argols,  lees,  etc.  Manufacturers  are  highly 
indebtecl  to  Warington  and  Grosjean  for  most  exhaustive 
papers  on  this  subject,  to  which  reference  shoidd  be  made  by  all 
who  desire  to  study  the  nature  and  analysis  of  all  commercial 
compounds  of  citric  and  tartaric  acids  (Warington,  /.  (7.  S.  1875, 
925—994;  Grosjean,  J.  0.  S.  1879,  341—356). 

Without  entering  into  the  copious  details  and  explanations  given 
by  these  authorities,  the  methods  may  be  summarized  as  follows : — 

1.    Comznercial   Tartrates. 

In  the  case  of  good  clean  tartars,  even  though  they  may  contain  sulphates 
and  carbonates,  very  accurate  results  may  be  oi)tained  b\'  indirect  methods. 

(a)  Tlie  very  finely  powdered'  sample  is  first  titrated  with  normal  alkali, 
and  thus  the  amount  of  tartaric  acid  existing  as  bitartrate  is  found;  another 
portion  of  the  sample  is  then  calcined  at  a  moderate  heat,  and  the  ash 
titrated.  By  deducting  from  the  volume  of  acid  so  used  the  volume  used 
for  bitartrate,  the  amount  of  Ixise  corresponding  to  neutral  tartrates  is 
obtained. 

(b)  The  whole  of  the  tartaric  acid  is  exactly  neutralized  with  <!austic 
soda,  evaporated  to  dryness,  calcined,  and  the  ash  titrated  with  normal  acid  ; 
the  total  tartaric  acid  is  then  calculated  from  the  volume  of  standard  acid 
used ;  any  other  organic  acid  present  will  naturally  be  included  in  this 
amount.  In  the  case  of  fairly  pure  tartars,  etc.,  this  probable  error  may  be 
disregarded. 

Warington's  description  of  the  first  process  is  as  follows  : — 

5  frm.  of  the  finely  powdered  tartar  are  heated  with  a  little  water  to 
dissolve  any  carbonates  that  may  be  present.  If  it  is  wished  to  guard  against 
crystalline  carbonates,  5  c.c.  of  standard  HCl  are  added  in  the  first  instance, 
and  the  heatin^^  is  conducted  in  a  covered  beaker.  Standard  alkali  is  next 
added  to  the  extent  of  about  three-fourths  of  the  amount  required  by  a  good 
tartar  of  the  kind  examined,  plus  that  equivalent  to  the  acid  used,  and  the 
whole  is  brought  to  boiling;  when  nearly  cold,  the  titration  is  finished. 
From  the  amount  of  alkali  consumed,  minus  that  required  by  the  HCl,  the 
tartaric  acid  present  as  acid  tartrate  is  calculated. 

2  gm.  of  the  powdered  tartar  are  next  weijxhed  into  a  platinum  crucible 
with  a  well-fitting  lid ;  the  crucible  is  placed  over  an  argand  burner;  heat  is 
first  applied  very  gently  to  dr>'  the  tartar,  and  then  more  stronKb'  till 
inflammable  gas  ceases  to  be  evolved.  The  heat  should  not  rise  above  very 
low  redness.  The  black  ash  is  next  removed  with  water  to  a  beaker.  If  the 
tartar  is  known  to  be  a  good  one,  20  c.c.  of  standard  H'^SO*  are  now  run 
from  a  pipette  into  the  beaker,  a  jwrtion  of  the  acid  l)eing  used  to  rinse  the 
cnicible.  The  contents  of  the  beaker  are  now  brought  to  boiling,  filtered, 
and  the  free  acjd  determined  with  standard  alkali.  As  the  charcoal  on  the 
filter  under  some  circumstances  retains  a  little  acid,  even  when  well  washed, 
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it  is  advit<a])le  when  the  titration  is  completed  to  transfer  the  lilter  and  \i» 
contents  to  the  neutralized  fluid,  and  add  a  further  amount  of  alkali  if 
necessary.  From  the  neutralizing  power  of  a  gnm  of  burnt  tartar  is 
subtracted  the  a(!idity  of  a  gram  of  unlinrnt  tartjir,  both  exi»rossed  in  c.c.  of 
stantlard  alkali,  the  difference  in  the  neutralizing  power  of  the  ba«es  existing 
as  neutral  tartrates,  and  is  then  calculated  into  tartaric  acid  on  this 
assumption* 

If  the  tartar  is  of  low  quality,  5  c.c.  of  solution  of  hydrogen  peroxide 
(1  volume=-10  voUimes  O)  are  added  to  the  black  ash  and  water,  and 
immediately  afterwanls  the  standard  a'*id  ;  the  rest  of  the  analysis  proceeds 
as  already  described ;  the  small  acidity  usually  belonging  to  the  ))eroxide 
solution  must,  however,  be  known  and  allowed  for  in  the  calculation.  By 
the  use  of  hy<lrogen  peroxide  the  sulphides  fonned  during  ignition  are 
reconverted  into  sulphates,  and  the  error  of  excess  which  their  presence 
would  occasion  is  avoided. 

The  above  method  does  not  give  the  separate  amounts  of  acid 
and  neutral  "tartrates  in  the  presence  of  carbonates,  but  it  gives  the 
correct  amount  of  tartaric  acid ;  it  is  also  correct  in  cases  where 
free  tartaric  acid  exists,  so  long  as  the  final  results  show  that  some 
acid  existed  as  neutral  SiUt.  ^Mxenever  this  method  showH  that 
the  acidity  of  the  original  substance  is  greater  than  the  neutralizing 
power  of  the  ash,  it  will  be  necessary  to  use  the  method  />,  which 
is  the  only  one  capable  of  giving  good  results  when  the  samjdo 
contains  much  free  tJirtiiric  acid. 

Instead  of  the  alkalimetric  estimation  in  both  the  alx^ve  methods, 
equally  good  results  may  be  got  by  a  carbonic  acid  doterniinati(m 
in  the  ash  Avith  8cheii>ler's  apparatus  (§  23.6),  or  any  of  the 
usual  metliods. 

2.    Tartaric    Acid   Liquors. 

Old  factory  liipiors  contain  a  great  variety  of  substances  gradually 
accumulated,  from  which  the  actual  tartaric  acid  can  only  bo 
separated  as  bitartrate  by  the  following  process  : — 

(c)  A  quantity  of  liquor  containing  2— -t  gm.  of  tartaric  acid,  and  of 
80—40  c.c.  vohune,  is  treated  with  a  saturate<l  solution  of  noutnil  potassio 
citrate,  adde<l  drop  by  drop  with  constant  stirring.  If  free  sulphuric,  acid  is 
pretient  no  j»re<*ipitate  is  at  first  produced ;  but  as  soon  as  the  a<"id  is  .siitisUed, 
the  bitartnite  l)egins  to  appejir  in  streaks  on  the  sides  of  the  vessel.  When 
this  is  seen,  the  remainder  of  the  citrate  is  measured  in  to  avoid  an  undue 
excess:  4  c.c.  of  a  saturated  solution  of  potassio  citrate  will  be  found 
suificient  to  i>recipitate  the  maxinnnn  of  4  grams  of  tartaric  aci<l  supposed  to 
be  present.  If  the  liquor  contjiin  a  great  deal  of  sulphuric  acid,  a  flue 
precijjitite  of  ]K)tassic  sulphate  will  prectnle  the  formation  of  bitartnite,  but 
is  easily  distinguished  from  it.  With  li<|uors  rich  in  sulphuric  acid,  it  is 
advisable  to  stir  the  mixture  vigorously  at  intervals  for  half  an  hour,  then 
proceed  as  in  3  c/. 

Grosjean  modifies  this  process  by  precipitating  the  li<|Uor  with  an  excess 
of  calcic  carbonate,  then  boiling  the  mixture  with  excess  of  potassic  oxalate. 

•  It  is  ohviouH  thiit  the  neutralizing  power  of  the  onh  of  on  acid  <nrtnvt«?  is  exactly 

the  same  83  the  ucidity  of  the  Hunio  tartrate  before  burning.    In  nmkin^  tliu  ctilcula- 

tioDH,  it  must  be  rememberc*!  that  the  value  of  tlie  alkali  in  tarttvric  acid  in  twice  au 

ffreat   in  the  calculation   nuule  from   the  acidity  of  the  uuburut  tartar,  un   in  the 

.cailculation  of  the  acid  existing  as  neutral  tartrates. 

I 
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By  this  means  the  ahmiina,  iron,  phosphoric  and  sulphuric  acids  are  thrown 
down  with  the  calcic  oxalate,  and  the  precipitate  allows  of  ready  filtration. 
Q'he  separation  as  bitartrate  then  follows,  as  in  d. 

3.    Very   impure   Iieea   and   Ar^ols. 

Grosjean  (/.  C.  S.  1879,  341)  gives  a  succinct  method  for 
the  treatment  of  these  substances,  based  on  Waring  ton's  original 
oxalate  process,  the  principle  of  which  is  as  follows : — 

The  finely  ground  sample  (  —  about  2  gm.  tartaric  acid)  is  first  moistened 
with  a  little  water,  heated  to  100"  C,  then  digested  for  15  minutes  or  so  with 
an  excess  of  neutral  potassic  oxalate*  (the  excess  must  not  be  less  than 
1*5  gm.),  and  nearly  neutralized  with  potash.  After  repeated  stirring,  the 
mixture  is  transferred  to  a  vacuum  filter,  and  the  residue  washed;  the 
liquid  so  obtained  contains  all  the  tartaric  acid  as  neutral  potassic  tartrate ; 
excess  of  citric  acid  is  added,  which  precipitates  the  whole  of  the  tartaric 
acid  as  bitartrate,  and  the  amount  is  found  by  titration  with  standard  alkali 
in  the  usual  way. 

One  of  the  chief  difficulties  in  treating  low  qualities  of  material  is  the 
filtration  of  the  nearly  neutral  mixture  above  mentioned.  Grosjean  adopts 
the  principle  of  Casamajor's  filter  {C.  N.  xxxii.  46),  using  an  ordinary 
funnel  with  either  platinum,  lead,  or  pumice  disc ;  but  whether  this,  or 
Bun  sen's,  or  other  form  of  filter  is  used,  the  resulting  filtrate  and  washing* 
(which  for  2  gm.  tartaric  acid  should  not  much  exceed  50  c.c.)  are  ready  for 
the  separation  of  the  bitartrate  in  the  following  improved  way : — 

(d)  To  the  50  c.c.  or  so  of  cold  solution  5  gm.  of  powdered  potassio 
chloride  are  added,  and  stirred  till  dissolved :  this  renders  the  subsequent 
precipitation  of  bitartrate  very  complete.  A  50  per-cent.  solution  of  citric 
acid  is  then  mixed  with  the  liquid  in  such  proportion,  that  for  every  2  gm. 
of  tartaric  acid  an  equal,  or  slightl}'  greater  amount  of  citric  acid  is  present. 
By  continuously  stirring,  the  whole  of  the  bitartrate  comes  down  in  ten 
minutes  (Grosjean)  ;  if  the  temperature  is  much  above  }6^,  it  is  preferable 
to  wait  half  an  hour  or  so  before  filtering.  This  operation  is  best  done  on 
the  vacuum  filter,  and  the  washing  is  made  with  a  5  per-cent.  solution  of 
potassic  chloride,  saturated  at  ordinary  temperature  with  potassic  bitartrate ; 
if  great  accuracy  is  required,  the  exact  acidity  of  the  solution  should  be 
found  by  j^  alkali,  and  the  washing  continued  until  the  washings  show  no 
greater  acidity,  thus  proving  the  absence  of  citric  acid.  Finally,  the  washed 
precipitate  is  gently  pressed  into  a  cake  to  free  it  from  excess  of  li(iuid, 
transferred  to  a  beaker  with  the  filter,  hot  water  added,  and  titrated  with 
standard  alkali. 

The  troublesome  filtration  can  be  Jivoided  in  many  cases  by  taking 
30 — 40  gm.  of  substance,  and  after  decomposition  by  oxalate,  and  neutralizing 
with  potash,  making  up  the  volume  to  150  or  200  c.c,  adding  wjiter  in 
corresponding  proportion  to  the  bulk  of  the  residue,  then  taking  an  aliquot 
portion  for  precipitation.  A  blank  experiment  made  by  Grosjean  in  this 
way,  gave  a  volume  of  375  c.c.  for  the  residue  in  10  gm.  lees.  Other  things 
being  equal,  therefore,  30  or  40  gm.  may  respectively  be  made  up  to  161  and 
215  c.c,  then  50  c.c  taken  for  precipitation. 

ESTIMATION    OF    COMBINED    ACIDS    AND    BASES    IN 

NEUTBAIi    SALTS. 

§  31.  This  comprehensive  method  of  determining  the  quantity 
of  acid  in  neuti^  compounds  (but  not  the  nature  of  the  acid),  is 
applicable  only  in  those  cases  where  the  base  is  perfectly  precipitated 
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by  an  excess  of  caustic  alkali  or  its  carbonate.  The  number  of 
bodies  capable  of  being  so  precipitated  is  very  largo,  as  has  been 
proved  by  the  researches  of  Langer  and  Wawnikicwicz  (Ami, 
Chein.  u,  Phav,  1861,  239),  who  seem  to  have  worked  out  the 
method  very  carefully.  These  gentlemen  attribute  its  origin  to 
Bun  sen ;  but  it  does  not  seem  certain  who  devised  it.  The  best 
method  of  procedure  is  as  follows : — 

The  substance  U  woighod,  dissolved  in  water  in  a  300-c.c.  flask,  heated  to 
boiling  or  not,  as  may  be  desirable ;  normal  alkah  or  itft  carbonate,  according 
to  the  nature  of  the  base,  is  then  added  from  a  burette,  until  the  whole  is 
decidedly  alkaline.  It  is  then  diluted  to  300  c.c.  and  put  aside  to  settle,  and 
100  c.c.  are  taken  out  and  titrated  for  the  excess  of  alkali ;  the  remainder 
multiplied  b}'  3,  gives  the  measure  of  the  acid  combined  \inth  the  original 
salt,  i.e.  supposing  the  precipitation  is  complete. 

Example :  2  gm.  crystals  of  baric  chloride  were  dissolved  in  water,  heated 
to  boiling,  and  20  c.c.  normal  sodic  carbonate  added,  diluted  to  300  c.c.  and 
100  c.c.  of  the  clear  liquid  titrated  with  normal  nitric  acid,  of  which  12  c.c. 
was  recpured ;  altogether,  therefore,  the  2  gm.  reqiiired  10*4  c.c.  normal 
alkali ;  this  multiplied  by  0122  gave  20008  gm.  BaCl'  EH^O  instead  of 
2  gm. :  multiplied  by  the  factor  for  chlorine  0*03587,  it  yielded  0*58007  gm. 
Theory  requires  0*5809  gm.  chlorine. 

The  following  substances  have  been  submitteil  to  this  mode  of 
examination  witli  satisfactory  results  : — 

Salts  of  the  alkaline  earths  precipitated  with  an  aUcalino 
carbonate  while  boiling  hot. 

Salts  of  magnesia,  with  pure  or  carbonated  jdkali. 

Alum,  with  carbonate  of  alkali. 

Zinc  salts,  boiling  hot,  with  the  siime. 

Copper  salts,  boiling  hot,  with  pure  i)ot{isl|. 

Silver  salts,  with  same. 

Bismuth  wifts,  half  an  hour's  boiling,  with  sodic  carbonate. 

Nickel  and  cobalt  salts,  with  the  same. 

I^ad  salts,  with  the  samc^ 

Iron  salts,  boiling  hot,  with  pure  or  carlxmati'd  alkali. 

Mercury  salts,  with  pure  alkali.  * 

Protosalts  of  manganese,  boiling  hot,  with  mdlc  carbonate. 

Chromiimi  persalts,  lx)iling  hut,  with  i)ure  potash. 

Where  the  compound  under  examination  contains  but  (me  base 
prccipitable  by  alkali,  the  determination  of  the  aciil  gives,  of 
course,  the  quantity  of  base  also. 

Wolcott  Gibbs  (C  N.  1868,  i.  151)  has  enunciated  a  new 
acidimetric  principle  appli(!ablr'  in  cases  where  a  base  is  prccipitable 
at  a  boiling  temperature  by  hydric  sulj^hide,  and  the  a(nd  srt  free 
so  as  to  be  estimated  with  stiindard  alkali.  Of  course  the  method 
can  only  be  used  where  complete  separation  vaux  bo  obtained,  and 
where  the  salt  to  be  analyzed  contains  a  fixed  acid  which  has  no 
efifect  upon  hydric  sulphide.     A  weighed  portion  is  dissolved  in 

I  2 
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water,  brought  to  boiling,  and  the  gas  passed  in  until  the  metal  is 
completely  precipitated ;  which  is  known  by  testing  a  drop  of  the 
clear  liquid  upon  a  porcelain  tile  with  sulphuretted  hydrogen 
water,  or  any  other  appropriate  agent  adapted  to  the  metallic  salt 
under  examination. 

The  liquid  is  filtered  from  the  precipitate,  and  the  latter  well 
washed,  and  the  solution  made  up  to  a  definite  measure.  An 
aliquot  portion  is  then  titrated  with  normal  alkali  as  usual,  with 
one  of  the  phenol  indicators. 

In  the  case  of  nitrates  or  chlorides,  where  nitric  or  hydrochloric 
acid  would  interfere  with  the  hydric  sulphide,  it  was  found  that  the 
addition  in  tolerable  quantity  of  a  neutral  salt  containing  an  organic 
acid  (e.g.  sodic  or  potassic  tartrate,  or  the  double  salt)  obviated  all 
difficulty. 

The  results  obtained  by  Gibbs  in  the  case  of  copper,  lead, 
bismuth,  and  mercury,  as  sulphate,  nitrate,  and  chloride,  agreed 
very  closely  with  theory. 

Though  not  strictly  belonging  to  the  domain  of  acidimetry, 
a  method  worked  out  by  Neumann  (Z.  A.  C.  xxxiv.  454)  may  here 
be  mentioned  for  the  technical  estimation  of  some  of  the  heavy 
metals  precipitable  by  sodic  sulphide.  The^trength  of  the  sulphide 
solution  is  ascertained  by  boiling  it  with  a  measured  excess  of 
standard  acid  till  all  the  H-S  is  dissipated ;  the  excess  of  acid  is 
then  found  by  titration  with  standard  alkali,  using  phenolphthalein 
{IS  indicator.  Having  established  the  Avorking  strength  of  the 
sulphide  solution,  the  neutral  solution  of  the  metal  to  be  estimated 
is  first  precipitated  with  a  known  excess  of  standard  sulphide, 
and  the  solution  containing  the  suspended  sulphide  or  hydroxide 
is  rendered  clear,  if  necessary,  by  the  addition  of  strong  sodium 
chloride  solution,  and  diluted  to  a  definite  volume  at  16"  C. 
An  aliquot  part  of  the  solution  is  then  filtered  off,  or  removed 
by  means  of  a  pipette,  and  the  excess  of  sulphide  indirectly 
determined  in  it.  This  indirect  process  is  necessary,  because  the 
alkaline  sulphide  destroys  the  colour  of  litmus  or  of  phenolphthalein. 
The  estimation  of  the  amounts  of  metal  in  the  following  salts  by 
this  method  gave  excellent  results : — alum,  chrome  alum,  silver 
sulphate,  copper  sulphate,  cobalt  sulphate,  cadmium  sidphate.  lead 
nitrate,  manganese  sulphate,  nickel  sulphate,  ferrous  sulphate, 
ferrous  ammonium  sulphate,  ferric  chloride.  This  method,  of  course, 
is  not  applicable  if  the  solutions  contain  any  free  acid.  Solutions 
of  chlorides  containing  free  hydrochloric  are  first  evaporated  on 
the  water-bath,  the  residue  moistened  with  alcohol,  and  again 
evaporated  to  dryness.  Sulphates  are  fii*st  converted  into  chlorides 
by  treatment  with  barium  chloride  and  hydrochloric  acid,  and 
the  solutions  so  obtained  are  treated  as  before  described  for  the 
removal  of  the  free  HCl.  Nitrates  are  twice  evaporated  to  dryness 
Avith  concentrated  HCl,  excess  of  the  latter  being  finally  removed 
in  the  above-mentioned  maimer. 
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EXTENSION    OF    ALKALIMETBIO    METHODS. 

§  32.  Boh L 10  (Z.  a.  0.  1870,  310)  lias  deHcribed  a  method 
for  the  estimation  of  sulphuric  acid,  baryta,  chlorine,  iodine,  and 
bromine,  which  appears  worthy  of  some  consideration,  since  the 
only  standard  solutions  reciuired  are  an  acid  and  an  alkali. 

Alkaline  sulphates  are  known  to  be  partially  decomi>osed,  in 
contact  with  baric  carbonate,  into  alkaline  carbonates  and  baric 
sulphate.  The  decomposition  is  complete  in  the  presence  of  free 
carbonic  anhydride  ;  acid  carbonates  of  the  alkali-metils  are  left  in 
solution,  t<^)gether  with  some  ac^id  baric  carbonate,  which  can  be 
reraove<l  by  boiling.  The  solution  is  filtered,  and  the  alkaline 
carl)onate  (letermincnl  by  means  of  a  standard  acid  solution,  and 
the  amount  of  8uli»huric  acid  or  alkaline  sulphate  calculated 
from  the  amount  of  normal  aciil  reipiired.  Tliis  process  has  been 
satisfactorily  uscmI  by  Haubst  for  sulphates  in  waters  {C.  N. 
xxxvi.  227),  and  by  (Jrossmann  for  salt  cake  (C  N,  xli.  114). 
See  also  S  17.14. 

Neutral  chlorides,  })romides,  and  iodides,  more  especially  of  the 
alkali-metals,  are  most  readily  de(;om posed  by  pure  silver  oxide 
into  insoluble  silver  salts,  leaving  the  alkali-metid  in  solution  as 
hydrate  (ammonia  salts  always  excepted),  which  can  then  be 
determined  as  usual  by  standard  acid. 

The  author  treats  soluticms  containing  sulphates  of  the  heavy 
metals,  of  the  earths  or  alkaline  earths,  and  free  from  acids  whose 
presence  would  intluence  the  method,  viz.,  ph()sph(>ri<',  arsenic;, 
oxalic,  etc.,  with  a  solution  of  potissic  carbonate  so  as  U)  j>re(;ij)itite 
the  bases  and  leave  about  double  or  treble  the  amount  of  alkaline 
carbonate  in  solution.  From  1  to  lA  gm.  of  substmce  is  operated 
\\\}on  in  a  flask.  The-  solution  is  made  ui>  to  500  c.c,  well  shaken, 
and  the  i)recipitite  allowed  to  subsiile.  50  c.c.  an^  then  filtered, 
and  titrated  with  stmdard  acid  and  mcjthyl  orange.  Another  100  c.c. 
an^  filtered  in  like  manner  int)  a  strong  quart<M'-liter  flask,  and 
dilutcMl  with  about  100  c.c.  of  hot  water;  the  recpiisite  <piantity  of 
normal  acid  is  then  run  in  at  once  from  a  burette ;  the  solution 
diluted  to  250  c.c.  ;  and  about  a  gram  of  dry  baric  carbonate 
(free  from  alkali)  added.  The  flfisk  is  next  closed,  and  the  licpiid 
well  agit'it'd.  The  decomposition  of  the  alkaline  suli^hate  is 
complete*  in  a  few  minutt\s.  The  flask  should  be  ojjened  now  and 
then  to  allow  the  carbonic  anhydride  to  escape.  Finally,  about 
J  gm.  of  jmlverized  baric  hydrate  is  added,  the  whole  well  shaken, 
and  a  portion  of  the  raj>idly  (blearing  litjuid  tested  qualititively  for 
barium  and  sulphuric  acid.  The  result  should  Ixi  a  negative  one. 
50  c.(%,  corresponding  to  20  c.c.  of  the  original  solution,  arc^  then 
filtered  and  titrated  with  normal  acid,  and  the  (piantity  of  suliihuric 
acid  (sulphate)  calculated  as  usual. 

The  source  of  carbonic  anhydride  is  thus  placed  in  the  licjuid 
itself,  provided  the  quantity  of  potissic  carbonate  })e  not  too  small. 
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Equivalent  quantities  of  K2S0-*  +  2K2CO=^  +  2HC1  +  BaCO^  when 
mixed  with  sufficient  water  change  into  BaSO*  4-  2KHC0=^  +  2KC1, 
and  it  is  therefore  more  than  sufficient  to  add  twice  the  quantity 
of  potassic  carbonate  compared  witli  the  alkaline  sulphate  operated 
upon. 

Baric  hydrate  is  added  with  a  view  of  removing  any  carbonic 
anhydride  left  in  the  liquid  after  boiling,  which  would  otherwise 
dissolve  some  of  the  excess  of  baric  carbonate  contained  in  the 
precipitate. 

Any  baric  hydrate  not  required  to  remove  CO^  is  acted  upon  by 
tlie  acid  potassic  carbonate,  but  does  not  influence  the  final  result. 

Phosphoric  and  oxalic  acids  the  author  proposes  to  remove  by 
means  of  calcic  chloride;  chromic  acid  by  deoxidizing  agents, 
such  as  alcohol  and  hydrochloric  acid.  Bohlig  recommends  this 
method  for  estimating  sulphuric  acid  in  ashes,  crude  soda,  Stassfurth 
salts,  etc. 

Solutions  containing  baryta  are  estimated  in  like  manner  by 
precipitation  as  carbonate,  and  decomposition  witli  potassic  sulphate 
in  a  solution  containing  free  carbonic  acid.  Chlorine  is  determined 
in  solutions  by  first  precipitating  any  metidlic  chloride  with  potassic 
carbonate  added  in  moderate  excess.  The  filtrate  is  made  up  to 
250  c.c,  and  the  excess  of  potassic  carbonate  determined  in  50  c.c. 
by  means  of  a  normal  solution  of  HCl.  125  c.c.  of  the  solution 
are  next  treated  with  excess  of  silver  oxide  and  made  up  to  250  c.c, 
well  shaken  (out  of  contact  with  the  light)  and  filtered.  100  c.c. 
of  the  filtrate  are  titrated  with  normal  hydrochloric  acid.  The 
difference  between  the  (piantity  of  acid  required  in  the  last  and 
that  of  the  first  experiment,  multiplied  by  5,  gives  the  amount 
of  clilorine  contained  in  the  original  solution.  A  portion  of  the 
filtrate  should  be  tested  for  chlorine  by  means  of  mercurous  nitrate. 

The  filtrate  is  obtained  perfectly  clear  only  in  the  presence  of 
some  potassic  or  sodic  carbonate,  and  liy  cnii)loying  argentic  oxide 
free  from  argentous  oxide.  A  few  drops  of  pure  potassic  i)er- 
manganate  added  to  the  argentic  oxide  preserved  in  water  prevent 
formation  of  the  latter.  The  oxide  to  be  employed  for  each 
experiment  is  filtered  when  required,  and  thoroughly  washed. 

Bromine  and  iodine  are  determined  in  like  manner.  The  author 
has  not  been  able,  however,  to  estimate  the  mixtures  of  the  halogen 
salts;  but  he  has  made  the  interesting  observation  that  potassic 
iodide,  when  boiled  with  potassic  i)ermanganate,  is  completely 
oxidized  into  iodate.  This  facilitates  the  detection  of  small 
quantities  of  clilorine  and  bromine,  in  the  presence  of  much 
iodide.  The  greater  part  of  iodate  may  be  separated  also  by 
precipitation  with  baric  nitrate  before  determining  chlorine.  The 
standard  acid  solutions  which  Bohlig  emi)loyed  contained  not  more 
than  one-third  of  the  equivalent  of  HGl  or  SO^  ))er  liter. 

For  further  particulars  the  reader  is  referred  to  the  original 
paper  {Arch,  Pharm.  3  cxlv.  113). 
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Siebolil  {Year  Jiool'  of  Pharmaryy  1878,  518)  descri})e8  a  very 
ingenious  process,  devised  by  himself,  for  the  titmtion  of  caustic 
and  carl)onatod  alkalies  by  means  of  prussic  acid,  the  ])rinci])le  of 
which  is  explained  in  §  59.  The  process  is  useful  in  the  case  of 
carbonates,  sin(.'e  CO-  is  no  hindrance. 

05  to  1  f(m.  of  the  alkali  or  alkaline  carbonate  is  diasolvod  in  about  100  c.c. 
of  water,  and  an  cxeaHs  of  hydrocyanic  acid  (say  10  or  20  c.c.)  of  5  per  cent, 
{solution  added ;  then  I'V  silver  solution  cautiously  added  with  (jonstaiit 
stirrinj^  until  a  faint  i)ermanent  turbidity  occurs.  Each  c.c.  of  j'V  silver 
=00138  \rn\.  K^CO^  or  00106  gm.  Na^CO^. 

In  the  case  of  chlorides  l)eing  present,  their  quantity  may  bo 
<leterminetl  by  boiling  down  the  mixture  to  about  half  its  volume 
to  expel  all  Jfree  prussi(!  acid,  adding  a  drop  or  two  of  potassic 
chroniate  as  indicator,  then  titrating  with  i^^  silver.  Any  excess 
above  that  required  in  the  first  titmtion  will  ];e  due  t<^  chlorine, 
-and  may  b'?  calculated  accordingly. 
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PAKT  III. 
ANALYSIS   BY   OXIDATIOX   OR  REDUCTIOX. 

§  33.  The  scries  of  analyses  which  occur  under  this  system  are 
very  extensive  in  number,  and  not  a  few  of  them  possess  extreme 
accuracy,  such  in  fact,  as  is  not  possible  in  any  analysis  by  weight. 
The  completion  of  the  various  processes  is  generally  shown  by 
a  distinct  change  of  colour ;  such,  for  instance,  as  the  occurrence 
of  the  beautiful  rose-red  permanganate,  or  the  blue  iodide  of 
starch ;  and  as  the  smallest  quantity  of  tliese  substances  will 
colour  distinctly  large  masses  of  liquid,  the  slightest  excess  of  the 
oxidizing  agent  is  sufficient  to  produce  a  distinct  effect. 

The  principle  involved  in  the  process  is  extremely  simple. 
Substances  which  will  take  up  oxygen  are  brought  into  solution, 
and  titrated  with  a  substance  of  known  oxidizing  power ;  as,  for 
instance,  in  the  determination  of  ferrous  salts  by  permanganic 
acid.  The  iron  is  ready  and  willing  to  receive  the  oxygen, 
the  permanganate  is  equally  willing  to  ])art  with  it ;  while  the  iron 
is  absorbmg  the  oxygen,  the  permanganat-e  loses  its  colour  almost 
as  soon  as  it  is  added,  and  the  whole  mixture  is  colourless ;  but 
immediately  the  iron  is  satisfied,  the  rose  colour  no  longer  disappears, 
there  being  no  more  oxidizable  iron  present.  In  tlie  case  of  ]>otassic 
permanganate  the  reaction  is  :  10Fe(J  4-  2MnK0^  =  SIVO'*  4- 
2Mn0  4-K-*0.  Oxalic  acid  occupies  the  same  position  as  the 
ferrous  salts  ;  its  comi)osition  is  C'-O^H-  4-  2H-( )  =  126.  If  perman- 
ganate is  added  to  it  in  acid  solution,  the  oxalic  acid  is  oxidized  to 
carl)onic  acid,  and  the  manganic  reduced  to  manganous  oxide,  thus 
Mn-W  4-  5C-(  Hir-  4-  2H-\S0^  =  lOCO-  4-  2MnS0^  4-  71i-^0.  When 
the  oxalic  acid  is  all  decomjiosed,  the  colour  of  the  permanganate 
no  longer  disappears.  On  the  other  hand,  substances  which  will 
give  up  oxygen  are  deoxidized  by  a  known  excessive  quantit}^  of 
reducing  agent,  the  amount  of  which  excess  is  afterwards  ascertained 
by  residual  titration  with  a  standard  oxidizing  solution ;  the  strength 
of  tlie  reducing  solution  being  known,  the  quantity  required  is 
a  measure  of  the  substance  which  has  been  reduced  bv  it. 

The  oxidizing  agents  best  available  are — potassic  permanganate,, 
iodine,  potassic  bichromate,  and  red  potassic  prussiate. 

The  reducing  agents  are — sulphurous  acid,  sodic  hyposulphite,"^ 
sodic  thiosulphate,  oxalic  acid,  ferrous  oxiile,  arsenious  anhydride, 
stannous  chloride,  yellow  potassic  prussiate,  and  zinc  or  magnesium. 

With  this  variety  of  materials  a  great  many  combinations  may  be 
arranged  so  as  to  make  this  system  of  analysis  very  comprehensive  ; 
but  the  following  are  given  as  sufli(;ient  for  almost  all  purposes, 

•  SchCltzenberger's  prerar.ition  is  liere  meant. 
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and  as  being  fiiisceptiblo  of   the  great<*at  amount  of   purity  and 
stiibility  of  material,  with  exceedingly  accurate  results  : — 

1.  Permanganate  and  ferrous  salts  (with  the  rose  colour  as 
indicator) ;  iwrmangiuiato  and  oxalic  acid  (with  the  rose  (M»lour 
iis  indicator). 

2.  l*otiissic  bichromate  and  ferrous  siUts  (with  cessation  of  blue 
col<»ur  when  brought  in  c«Hitiict  with  red  potassic  prussiate,  as 
indicator). 

3.  Iodine  and  sodic  thiosulphato  (with  starch  as  indicator) ; 
iodine  and  soilic  arsenite  (with  starch  as  indicator). 


PRKPAKATIOX     ( )F     STANDARD     SOLUTIONS. 

PERMANaANIO   ACID   AND  FBBBOUS   OXIDE. 

1.    Potassio  Permanganate. 

^rn-K-(  )^  =  .31  ^-G.     J)ecinormal  Soluti<m  =  3156  gm.  per  liter. 

5$  34.  TiiK  solution  of  this  salt  is  l)est  ])repared  for  analysis  l>y 
dissolving  the  pun;  crystds  in  fresh  distillcnl  water,  and  should  be 
of  such  a  strength  that  IT'Sf)  c.v..  will  oxidize  1  decigram  of  iron. 
The  solution  is  then  decinormal.  If  the  salt  can  be  liad  ])erfectly 
jmre  and  dry,  3-ir)r)  gm.  dissolved  in  a  liter  of  water  at  IG  C,  will 
give  an  exactly  decinormal  solution  ;  but,  neverth(d<*ss,  it  is  always 
Well  to  verify  it  as  described  below.*  If  kept  in  the  light  in 
ordinary  bottles  it  will  retain  its  strength  for  several  months,  if  in 
bottles  covered  with  black  j>aj)er  much  longer,  nevertheless,  it 
should  from  time  to  time  be;  verified  1)V  titration  in  one  of  the 
following  ways :  — 

2.    Titration  of  Permanganate. 

(a)  With  Metallic  Iron.  The  ]mrest  iron  t(>  b(».  obtained  is 
thin  annealed  binding-wire  fre(»  from  rust,  generally  known  as 
ilower  wire.t  Its  actual  jiercentige  of  [m\v  iron  may  be  tiken 
as  l)l)() 

•  Vory  fairly  pnr«  iiermaiiiranatc,  in  laxye  crvBtulg,  may  now  \k)  obtained  in  cr>niniorco. 
nn«l  if  thiH  Halt  is  recryHtallizcd  twic4»  fr<»m  hot  distiUoif  wator  and  ilrio.l  thorouKlily  at 
!«►»   (!.,  it  will  Ikj  found  pnwtically  pun*. 

t  Mi«H  C.  F.  Roberts  [Amt-r.  Jour.  Sci.  1801,  286,  iSK))  advoouteH  tho  nm*  of  iniro 
iron.  j>r<*|>ariH.l  by  vlcctrolyriiH,  as  followti :  Al»out  It)  kih*  of  forrouM-auiniouiuni  Hulphate 
are  diHAolve«l  in'  lAO  c.c.  of  wutor.  ft  o.c.  of  u  Maturated  nolution  of  iiotuMjio  oxalate 
adilod,  anil  then  b(>ut«d  with  a  Huffioieuoy  of  nolution  of  amnionic  ox<ilato  until  rloar. 
A  wvikchcd  piece  of  platinum  foil,  itlia}ied  so  lui  to  tie  eanily  place<l  into  a  rather  larKe 
wciKhinic  >N>ttle.  in  tnen  put  into  a  lieaker  containiufr  the  iron  Holution,  and  the  latter 
dcconipoMod  with  a  current  of  a>K>ut  two  amp.'*re8  l»et we<»i  two  platinum  electriMleH.  In 
about  two  hount  enough  iron  will  l>c  dei>oiiite<l  for  a  titratiim.  The  de]>:>Hite<I  metal  i» 
of  course  well  waihcd,  <lriod,  and  weiKued  in  the  wei>?hiu>^  bottle,  then  dismolved  in 
dilute  acid,  prccinoly  as  iu  the  cattc  of  irou  wire. 
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Process :  Fit  a  ti;j:ht  cork  or  rubber  stopper,  with  bent  delivery  tube,  into 
a  flask  holding  about  300  c.c,  and  clamp  it  in  a  retort  stand  in  an  inclined 
position,  the  tube  so  bent  as  to  dip  into  a  small  beaker  containing  pure 
water.  Fill  the  flask  one-third  with  dilute  pure  sulphuric  acid,  and  add 
a  few  grains  of  sodic  carbonate  in  crystals ;  the  CO-  so  produced  will  drive 
out  the  air.  While  this  is  being  done  weigh  about  01  gram  of  the  wire; 
put  it  quickly  into  the  flask  when  the  soda  is  dissolved,  and  apply  a  gentle 
heat  till  the  iron  is  completely  in  solution,  a  few  black  specks  of  carbon  are 
of  no  consequence.  The  flask  is  then  rapidly  cooled  under  a  stream  of  cold 
water,  diluted  if  necessary  with  some  recently  boiled  and  cooled  water,  and 
the  permanganate  run  in  cautiously  from  a  xV  c.c  tap  burette,  with  constant 
shaking,  until  a  faint  rose-colour  is  permanent.  Instead  of  this  arrange- 
ment for  dissolving  the  iron  the  apparatus  shown  in  the  section  on  iron 
analysis  may  be  used,  §  63. 

The  decomposition  which  ensues  from  titrating  ferrous  oxide  by 
permanganic  acid  may  be  represented  as  follows  : — 

lOFeO  and  Mn20"  =  2MnO  and  5Fc-0^ 

The  weight  of  ^vire  taken,  multiplied  by  0*996,  will  give  tlie 
actual  weight  of  pure  iron  upon  which  to  calculate  the  strength  of 
the  permanganate?. 

JExampU :  Exactly  O'l  gm.  of  wire  was  dissolved  and  titrated  with 
a  permanganate  solution,  of  which  the  quantity  required  was  17*6  c.c. 
The  equation  0*1  :  00996  :  :  17'85=J7  gives  17*45,  the  permanganate  is 
therefore  a  trifle  too  strong,  but  correct  enough  for  all  pnictical  i)urposcs. 

(b)  With  FerroiLs-ammonium  Sulphate. — In  order  to  ascertain 
the  strength  of  the  permanganate,  it  may  be  titrat<?d  with 
a  weighed  (quantity  of  this  substance  instead  of  metallic  iron. 

This  salt  is  a  convenient  one  for  titrating  the  permanganate,  as  it  saves  the 
time  and  trouble  of  dissolving  the  iron,  and  when  perfectly  ]uire,  it  can  bo 
depended  on  without  risk.  To  prepare  it,  139  parts  of  the  purest  crystals  of 
ferrous  sulphate,  and  06  parts  of  pure  crystallized  amnionic  sulphate  are 
separately  dissolved  in  the  lejist  possible  quantity  of  distilled  wrJer  of  about 
MT  C.  (if  the  solutions  are  not  perfectly  clear  they  must  be  filtered) ;  mix 
them  at  the  same  temperature  in  a  porcelniu  dish,  adding  a  few  drops  of 
pure  sulphuric  acid,  and  stir  till  cold.  During  the  stirring  the  double  salt 
will  fall  in  a  finely  granulated  form.  Set  aside  for  a  few  hours,  then  pour 
off  the  supernatant  liquid,  and  empty  the  suit  into  a  clean  funnel  with  a  little 
cotton  wool  stuffed  into  i\io  neck,  so  thai  the  mother-liquor  may  drain  away ; 
the  salt  may  then  l)e  quickly  and  repeat^^dly  pressed  between  fresh  sheets  of 
clean  filtering  i)aper.  Lastly,  place  in  a  current  of  air  to  dry  thoroughly, 
*o  that  the  small  grains  adhere  no  longer  to  each  othpr.  or  to  the  paper  in 
which  they  are  contained,  then  i^reserve  in  a  stoppered  bottle  for  use. 

The  formula  of  the  salt  is— Fe  (NH^)'-  (SO-*)-,  011-^0  =  392. 
Consequently  it  contains  exactly  one-seventh  of  its  weiglit  of  iron ; 
therefore  0'7  gm.  represents  0*1  gm.  Fe,  and  this  is  a  convenient 
<iuantity  to  weigh  for  the  purpose  of  titrating  the  permaugauate. 

JProcesg :  0'7  gm.  being  brought  into  dilute  cold  solution  in  a  flask  or 
beaker,  and  20  c.c.  of  dilute  suli)liuric  acid  (1  to  5)  added  (the  titration  of 
permanganate,  or  any  other  substance  by  it,  should  always  take  place  in  the 
presence  of  free  acid, and  preferably  sulphuric),  the pennanganito  is  delivered 
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from  a  burette  with  plass  taj>  divided  in  yV  c.c,  a.**  before  described,  until 
a  point  ocGuni  when  the  rose  colour  no  longer  disujtpears  on  Hhakin^^ 

(c)  With  Oxalic  Aoid.-  This  is  a  very  (piick  method  of  titrating 
pemian^Qute,  if  the  exact  acidimetric  value  of  the  solution  of  pure  oxalic 
ucid  is  known.  10  c.c.  of  normal  sohition  arc  brought  into  a  flask  with  dihite 
sulphuric  acid,  as  in  the  case  of  the  iron  salt,  and  (lonsidombly  diluted  with 
water,  then  warmed  to  about  60"  C,  and  the  permanganate  added  from  the 
burette.  The  colour  disappears  slowly  at  first,  but  afterwards  more  rapidly, 
becoming'  first  brown,  then  yellow,  and  so  on  to  colourless.  More  care  must 
bo  exen'i»ed  in  this  case  than  in  the  titmtion  with  iron,  as  tbe  action  is  not 
momentary.  100  c.c.  should  be  re<iuired  to  be  strictly  decinormal.  The 
chemical  chanjce  which  occurs  is  explained  on  page  120. 

(d)  With  Lead  Oxalate.-  Stolba  prefers  this  salt  to  oxalic  acid,  for 
the  reasons  that  it  contains  no  water,  is  not  liable  to  ubsorb\any  from 
-exjwsun*,  and  hjis  a  high  molecular  weight,  1  part  of  the  sailt  repn?senting 
O' 42799  of  oxalic  acid,  or  (>3  oxalic  acid  =  147"2  lead  oxalate. 

Tbe  metho<l  of  titration  is  similar  to  that  with  oxalic  acid,  using  dilute 
sulphuric  at'id,  and  warming  the  mixture  to  ensure  the  complete  decomi>osi- 
tion  of  tho  s:ilt  into  lead  sulphate  and  free  oxalic  acid.  8odic  oxalate  is 
also  anhydn)us  and  equally  serviceable. 

Tho  lead  oxalate  is  preimrtKl  by  pnnnpitating  pure  hnd  acetate  with  oxalic 
acid  in  excess,  and  washing  the  precipitate  by  decantation  with  warm  water 
till  all  free  acid  is  removed;  llie  precipitate  is  then  dried  at  120' C,  and 
prcM'rved  for  use.  Some  openitors  prefer  to  use  anmionic  oxalate  in  place  of 
oxalic  acid  or  lead  oxalate,  as  being  a  snbstance  of  defniite  hydration,  and 
wisily  obtaine<l  in  a  ])ure  state.  Its  fonnula  is  (Nll^)-  C*0\  11-0=  142=2^'. 
The  titmtion  is  carried  on  jirecisely  as  in  tho  wise  of  oxalic  acid. 

(«*)  With  Hydroffen  Peroxide  in  the  Nitrometer.-  In  a  ]>a]>er  on 
this  subjetrt  by  liUngo  (J.  S.  C.  f.  ix.  21)  it  is  shown  by  very  carefully 
conduct<.Ki  ex])eriments  with  purest  materials  and  vcritie*!  a]»|iaratus  that 
exceedingly  accurate  results  may  be  obtained  by  the  modified  nitn>meter 
with  patent  tap  (illustratecl  at  the  end  of  Part  VIl.).  Lu  nge's  experiments 
wen'  made  on  a  semi-normnl  holution  ol'  permanganate  (1  c.v.-  0()04  gm.  O), 
but  whether  ecpially  exu(!t  results  would  l)e  obtained  with  ,^f,  ])crmanganato 
I  cannot  say,  not  having  trie<l  it ;  but  of  course  an  approximately  semi-normal 
solution  may  be  made  and  nMluced  to  either  ^  or  i\  strength,  if  desinnl, 
by  dilntion  with  fresh  distilled  water.  The  exact  method  of  using  this 
instrument  will  Iw  descrilx»d  under  the  head  of  Nitrometer  in  Part  VII.; 
but  so  far  as  permanganate  is  conceme<l  it  was  found  that  convenient 
quantities  of  substances  to  use  were  10  c.e.  of  J  ]>erm  ing:uiate,  15  c.c. 
of  ordinary  10  volume  II'-O-,  a!id  'M)  c.c.  of  sulphuric  acid  I  :  5.  Tho 
nitrometer  having  Ix'cn  charged  with  water,  the  mixture  was  shaken  u]) 
and  allowed  to  stand  ten  miiuit(?s,  shaken  again  and  read  off  after  five 
minutes.  The  volume  of  oxygen  so  obtained  was  correcte<l  for  tem])eniture 
and  pressure,  then  calculat<.Ml  into  w<'ight.  The  results  of  three  experiments 
using  the  <|uantities  mentioned  above  were  as  follows:  — 

1.  Corrected  volume  of  ()  5r)'92  c.c.rTrO'(K)4007  gm. 

2.  „  .,  „     O.V82C.C.-    0-001O(K)    „ 

3.  .,  „  „     r>5H2  r.r.  ■-  OOOIOOO    ., 
Average  0001002  gm.  of  oxygen  i)er  c.<*.  (►f  solution. 

Three  exi>eriments  with  the  wnne  permangimate  sohition  gave,  when  ir(»n 
wire  WHS  used,  an  avenige  of  O'UOJilK)  gm.,  and  with  oxalic  acid  0  ()j:Jl)i»7  gm. 
•of  oxygen  respectively  ]>er  v.r. 

Lunge  .say.s  :  '*  Wo  ciuinot  but  infer  that  stuulardi/.ing  a  .solution 
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of  permanganate  with  hydrogen  peroxide  in  tlie  nitrometer  when 
observing  the  prescribed  precautions  is  one  of  the  most  accurate 
known  methods  for  this  purpose,  and  withal  possesses  the  great 
advantage  tha^t  is  carried  out  within  an  extremely  short  time, 
without  requiring  a  fundamental  substance  of  accurately  known 
composition." 

Many  other  substances  have  been  proposed  for  standardizing 
permanganate,  such  as  potassic  ferrocyanate,  thiocyanate,  vanadic 
oxide,  etc.,  but  they  are  all  inferior  in  value  to  those  above  named 

3.    Precautions  in  Titrating  with  Permanganate. 

It  must  be  borne  in  mind  that  free  acid  is  always  necessary  in 
titrating  a  substance  with  permanganate,  in  order  to  keep  the 
resulting  manganous  oxide  in  solution.  Sulphuric  acid,  in  a  dilute 
form,  has  no  prejudicial  effect  on  tlie  pure  permanganate,  even  at 
a  high  temperature.  With  hydrochloric  acid  the  solution  to  be 
titrated  must  be  very  dilute  and  of  low  temperature,  otherwise 
chlorine  will  be  liberated  and  the  analysis  spoiled.  This  acid  acts 
as  a  reducing  agent  on  permanganate  in  concentrated  solution, 
thus — 

Mn-O"  +  UHCl  =  7H^^  lOCl  4-  2MnCR 

The  irregularities  due  to  this  reaction  may  be  entirely  obviated 
by  the  addition  of  a  few  grams  of  manganous  or  magnesic  sulphate 
before  titration. 

Organic  matter  of  any  kind  decomposes  the  permanganate,  and 
the  sohition  therefore  cannot  be  filtered  through  paper,  nor  can  it 
be  used  in  Mohr's  burette,  because  it  is  decomposed  by  the 
india-rubber  tube.  It  may,  however,  be  filtered  through  gun 
cotton  or  ghiss  wool. 

TITRATION    OF    FERRIC    SALTS    BY    PERMANaAKATE. 

g  35.  All  ferric  compounds  requiring  to  be  estimated  by 
permanganati*.  must,  of  course,  be  reduced  to  the  ferrous  state. 
This  is  best  accomplished  by  metallic  zinc  or  magnesium  in 
sulphuric  acid  solution.  Ilvdrochloric  mav  also  be  used  with  the 
precautions  mentioned. 

The  reduction  occurs  on  simply  adding  to  the  warm  diluted 
solution  small  pieces  of  zinc  (free  from  iron,  or  at  least  with 
a  known  quantity  present)  or  coarsely  powdered  magnesium  until 
colourless ;  or  until  a  drop  of  the  solution  brought  in  contact  with 
a  drop  of  jiotassic  thiocyanate  produces  no  red  colour.  All  the 
zinc  or  magnesium  must  be  dissolved  previous  to  the  titration. 

The  reduction  may  be  hastened  considerably  as  shown  in  §  61.3. 

When  the  reduction  is  complete,  no  time  should  be  lost  in 
titrating  the  solution. 
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OAXCULATIOK    OF    ANALYSES    MADE    WITH 
PEBMANaANATB    SOLUTION. 

§  36.  The  calculation  of  analyses  with  permanganati*,  if  the 
solution  is  not  strictly  decinormal,  can  be  made  by'Tftecertaining  its 
coefficient,  rechicing  the  number  of  c.c.  used  for  it  to  df^cinomial 
strength,  and  multiplying  the  number  of  c.c.  thus  found  by  yoJi^ 
of  the  ecjuivalent  weight  of  the  substance  sought ;  for  instance — 

Suppose  that  15  c.c.  of  permanganate  solution  hav(»  l>ecn  found 
to  ecpial  0*1  gm.  iron;  it  is  re(iuired  to  reduce  the  15  c.c. 
to  de<;inonnal  strength,  which  would  retiuire  1000  c.c.  of  per- 
manganate to  every  5-6  gm.  iron,  therefore  5*6  :  1000  :  :  01  :  x  = 
17-85  c.c.  ;  17-85  x  0-0056  =  0*09996  gm.  iron,  which  is  as  near  to 
0*1  gm.  as  can  be  required.  Or  the  coefficient  necessary  to  reduce 
the  number  of  c.c.  used  may  be  found  as  follows: — 01    :  15  :  : 

5*6  :  .r  =  84  c.c,  therefore -jTj-=  1 '19.     Consequently   119    is   the 

coefficient  by  which  to  reduce  the  numbfjr  of  c.c.  of  that  special 
j»ermanganate  used  in  any  analysis  to  the  decinormal  strength,  from 
whence  the  weight  of  substance  sought  may  be  found  in  the 
usual  way. 

Another  plan  is  to  find  the  ipiantity  of  iron  or  oxalic  acid  repre- 
sented l)y  the  jK^rmanganate  used  in  any  given  analysis,  and  this  being 
done  the  following  simple  equation  gives  the  re<[uired  result : — 

Fe  (56)  e([.  weight  of  the  weight  the  weight  of 

or         :     the  substance     :  :     of  Fe  or       :       substance 

O  (63)  sought  <J  found  sought 

In  other  words,  if  the  equivalent  weight  of  the  substiuice  analyzed 
l)e  divided  by  56  or  63  (the  resjiective  equivalent  weights  of  iron  or 
oxalic  acid),  a  coefficient  is  obtained  by  wliich  to  midtiply  the 
weight  of  iron  ur  oxalic  acid,  ecpud  to  the  permanganate  used, 
and  the  proiluct  is  the  weight  of  the  substance?  titrated. 

For  exami)le :  sulphuretted  hydrogen  is.  the  substance  souglit, 

the  eq.  weight  of  II-S  corresponding  to  2  cq.  Fe  is  17;  let  this 

1  »• 

number  therefore  be  divided  by  56,  -py  =  0'3036,  therefore,  if  the 

quantity  of  iron  rejiresented  by  the  permanganate  used  in  an 
estimation  of  H'-S  ])e  multiplied  by  0*3036,  the  ]»roduct  will  l)e 
the  weight  of  the  sulphuretted  hydrogen  sought. 

Again :  in  the  case  of  manganic  peroxide  whose  eciuivalent 
weight  is  43*4. 

The  weight  of  iron  therefore  found  by  permanganate  in  any  analysis 
multiplied  by  the  coefficient  0775  will  give  the  amount  of  manganic 
peroxide,  MnO'-.      Again:  if  m  gm.   iron  =  /j-  c.c.    permanganate, 

then  1  c.c  permanganate  =  -r  g^^*  nietallic  iron. 
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The  equivalents  hero  given  are  on  the  hydrogen  scale,  in 
accordance  with  the  normal  system  of  solutions  adopted  ;  and  thxm 
it  is  seen  that  two  equivalents  of  iron  are  converted  from  the 
ferrous  to  the  ferric  state  by  the  same  quantity  of  oxygen  as 
suffices  to  oxidize  one  equivalent  of  oxalic  acid,  sulphuretted 
hydrogen,  or  manganic  peroxide. 

1  c.c.  decinormal  permanganate  is  equivalent  to 
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"When  possible  the  necessary  coefficients  will  be  given  in  the 
tables  preceding  any  leading  substance. 

OHROMIO    ACID    AND    FEBBOUS    OXIDE. 

§  37.  PoTAssic  bichromate,  which  appears  to  have  been  fii*st 
proposed  by  Penny,  possesses  the  advantage  over  permanganate, 
that  it  is  absolutely  permanent  in  solution,  may  easily  be  obtained 
in  a  pure  state,  and  its  solution  may  be  used  in  Mohr's  burette 
without  undergoing  the  change  peculiar  to  permanganate :  on  the 
other  hand,  the  end  of  the  reaction  in  the  estimation  of  iron  can 
only  be  known  by  an  external  indicator ;  that  is  to  say,  a  drop  of 
the  mixture  is  brought  in  contact  with  a  drop  of  solution  of  red 
potassic  prussiate  (freshly  prepared)  upon  a  white  slab  or  plate. 
While  the  ferrous  oxide  is  in  tolerable  excess,  a  rich  blue  colour 
occurs  at  the  point  of  contact  between  the  drops;  but  as  this 
excess  continues  to  lessen  by  the  addition  of  the  bichromate,  the 
blue  becomes  somewhat  turbid,  having  first  a  green,  then  a  grey, 
and  lastly  a  browni  shade.  'WHien  the  greenish-blue  tint  has  all 
disappeared,  the  process  is  finished.  This  series  of  changes  in  the 
colour  admits  of  tolerably  sure  reading  of  the  burette,  after  some 
little  practice  is  obtained. 

The  reaction  between  chromic  acid  and  ferrous  oxide  may  be 
represented  by  the  formula : 

2CrO=^  +  6FeO  -  Cr'-'O'^  +  SFe-O^. 
The   decomposition    takes   place    immediately,    and   at   ordinary 
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temperatures,  in  the  presence  of  free  snlplnirie  or  hyilroclilorie  acid. 
Nitric  acid  is  of  course  inadmissible. 

The  reduction  of  ferric  compounds  to  tlie  ferrous  state  may  be 
accomplished  by  zinc,^  magnesium,  sodic  sulphite,  amnionic 
bisulj)liite,  or  sulphurous  acid ;  or,  instead  of  these,  stannous 
cjiloride  may  be  used,  which  acts  very  mpidly  as  a  reducing  agent 
upon  ferric  oxide,  the  yellow  colour  of  the  solution  disappearing 
almost  immediately. 

In  the  analysis  of  inm  ores,  reduction  by  the  latter  is  very  rapid 
and  serviceable  ;  the  greatest  care,  however,  is  necessary  that  the 
stannous  chloride  is  not  present  in  excess,  as  this  would  consume 
the  bichromate  solution  equally  with  the  ferrous  oxide,  and  so 
lead  to  false  results. 

The  discharge  of  the  yellow  colour  of  the  iron  solution  may  with 
care  l)o  made  a  very  sure  indicator  of  the  exact  point  of  reduction. 
But  in  order  to  obviate  the  inaccuracy  which  would  be  produced 
by  an  excess  of  tin  in  the  state  of  protosalt,  an  aqueous  solution  of 
mercuric  chloride  should  bo  added  to  the  mixture  in  slight  excess ; 
the  stannous  chloride  is  then  all  converted  into  stannic  chloride, 
and  the  titration  with  bichromate  may  proceed  |as  usual  ; 
a  j)recipitate  of  Hg-Cl-  does  not  interfere.  The  concentrated 
hydrochloric  solution  of  iron  is  heated  to  gentle  boiling,  and  the 
moderately  <lilute  tin  solution  added  with  a  pipette,  waiting 
a  moment  for  each  avldition  till  the  last  traces  of  colour  have 
disiippeared ;  the  solution  is  then  poured  into  a  beaker,  diluted 
with  boiled  and  cooled  water,  mercuric  solution  addi'd,  and  titrated 
with  the  l)ichromate  as  alK>ve  described.     See  also  S  64. 

It  is  absolutely  necessiiry  that  the  soluticm  of  potiissic  fcrri- 
cyanidti  used  as  the  indicator  with  bichromat**  shouM  be  fn^^  from 
ferrocyanide  ;  and  as  a  solution  when  exposed  to  air  for  a  short 
time  becomes  in  some  measure  converteil  into  the  latter,  it  is 
necessary  to  use  a  freshly  iirepared  liquid. 

1.    Preparation  of  the  Decinormal  Solution  of  Bid^fooMita. 

4*913  gm.  per  liter.  ^.  ■ 

The  reaction  which  takes  place  between  potassic  bichromate  and 
feiTous  oxid<»  is, 

6Fe()  +  Cr'-K-O"  -  3tV(>'^  +  Cr-XV' 4-K-( ) 

It  is  tlierefore  necessary  that  ,\  e([.  in  grams  should  be  used  for  tlie 
liter  as  a  normal  solution  and  ,y^  ^^^  ^^^^  ileeinormal ;  and  tis  it  is 
preferable  on  many  accounts  t(^  use  a  dilute  solution,  the  latter  is 
the  more  convenient  for  general  purposes. 

Taking  the  equivalent  number  of  chromium  as  52*4,  that  of 
potassic  bichromate  is  294*8  ;  if,  tlu^refore,  ^^^  of  this  latU^r  numbi*r 

*  Whon  zinc  is  used,  tbo  zinc  fcrricyanide  somewhat  obscuros  the  critical  point  in 
testinfiT  with  the  indicator. 
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=  4*913  ^m.  of  the  pure  well  dried  salt  be  dissolved  in  a  liter  of 
water,  the  decinormal  solution  is  obtained. 

1  c.c.  of  this  solution  is  capable  of  yielding  up  ^  ^  ^^^  ^  ^^  eq.  in 
grams  of  oxygen,  and  is  therefore  equivalent  to  the  ytjocrf  ^^1-  ^^ 
any  substance  which  takes  up  1  ej^uivalent  of  oxygen. 

2.    Solution  of  Stannous  Chloride. 

About  10  gni.  of  pure  tin  in  thin  pieces  are  put  into  a  large 
platinum  capsule,  about  200  c.c.  strong  pure  hydrochloric  acid 
poured  over  it,  and  heated  till  it  is  dissolved;  or  it  may  be 
dissolved  in  a  porcelain  capsule  or  glass  flask,  adding  pieces  of 
platinum  foil  to  excite  a  galvanic  current  The  solution  so 
obtained  is  diluted  to  about  a  liter  with  distilled  water,  and  pre- 
served in  the  bottle  (fig.  24)  to  which  the  air  can  only  gain  access 
through  a  strongly  alkaline  solution  of  pyrogallic  acid.  When 
kept  in  this  manner,  the  strength  will  not  alter  materially  in 
a  month.  If  not  so  preserved,  the  solution  varies  considerably 
from  day  to  day,  and  therefore  should  always  be  titrated  before 
use  as  described  in  g  64  if  required  for  quantitative  analysis. 

"Examples  of  Iron  Titratinn :  0*7  gra.  of  pure  and  dry  ammonio-ferrous 
8ulphate=0'l  gm.  iron,  was  dissolved  in  water,  and  titrated  with  decinormal 
bichromate,  of  which  17*85  c.c.  were  required;  this  multiplied  by  00392 
gave  0'(599  gm.  instead  of  0*7  gm. 

0*56  gm.  of  iron  wire  required  99"8  c.c.^=0'5588  gm.;  as  it  is  impossible 
to  obtain  iron  wire  i)erfectly  pure,  the  loss  is  undoubtedly  owing  to  the 
impurities. 

IODINE   AND   SODIC   THIOSXJLFHATE. 

§  38.  The  principle  of  this  now  beautiful  and  exact  method  of 
analysis  was  first  discovered  by  Dupascpiier,  who  used  a  solution 
of  sulphurous  acid  instead  of  sodic  thiosulphate.  Eunsen  im- 
proved his  method  considerably  by  ascertaining  the  sources  of 
failure  to  which  it  was  liable,  which  consisted  in  the  use  of  a  too 
concentrated  solution  of  sulphurous  acid.  The  reaction  between 
iodine  and  very  dilute  sulphurous  acid  may  be  represented  by  the 
formula — 

S02  +  P  +  2H20  =  2III  +  H^SO*. 

If  the  sulphurous  acid  is  more  concentrated,  ^.e.  above  0*04  per 
cent.,  in  a  short  time  the  action  is  reversed,  the  irregularity  of 
decomposition  varying  with  the  quantity  of  water  present,  and  the 
rapidity  with  which  the  iodine  is  added.* 

Sulphurous  acid,  however,  very  rapidly  changes  by  keeping  even 
in  the  most  careful  manner,  and  cannot  therefore  be  used  for 
a  standard  solution.  The  substitution  of  sodic  thiosulphate  is 
a  great  advantage,    inasmuch  as  the  salt    is   easily   obt^iiined  in 

•  This  irregularity  is  now  obviated  by  the  method  of  Giles  and  Shearer  (§  75.5), 
in  which  solutions  of  802  or  sulphites  of  any  strength  may  be  accurately  titrated 
with  iodine,  by  adding  the  latter  to  the  former  in  excess,  and  when  the  reaction  is 
complete  titrating  the  excess  of  iodine  with  thiosulphate. 
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a  pure  state,  anil  may  be  directly  weighed  for  the  standard  sohition. 
The  reaction  is  a.s  follows :  — 

2Xa2S20'^  +  21  =  2XaI  +  Na-S^O^ 

the  result  being  that  thiosulphuric  acid  takes  oxygen  from  the 
water,  with  the  production  of  tetrathionic  and  hydriodic  acids  in 
combination  with  soda. 

In  ortler  to  ascertain  the  end  of  the  reaction  in  analysis  by  this 
method  an  indicator  is  necessary,  and  the  most  delicate  and  sensitive 
for  the  purpose  is  starch,  which  produces  with  the  slightest  trace  of 
free  ioiline  in  cold  solution  the  well-known  blue  iodide  of  starch. 
Hydrioilic  or  mineral  acids  and  iodides  have  no  influence  upon  the 
colour.     Caustic  alkalies  destroy  it 

The  principle  of  this  method,  namely,  the  use  of  io<line  as  an 
indirect  oxidizing  body  by  its  action  upon  the  elements  of  water, 
forming  hydriodic  acid  with  the  hydrogen,  and  liberating  the  oxygen 
in  an  active  state,  can  be  applied  to  the  determination  of  a  great 
variety  of  substances  with  extreme  accuracy. 

Bwlies  which  take  up  oxygen,  and  decolorize  the  iodine  solution, 
siich  as  sulphurous  acid,  sulpliites,  sulphuretted  hydrogen,  alkaline 
thiosul|)hite^  and  arsenites,  stannous  chloride,  etc.,  are  brought 
into  dilute  solution,  starch  added,  and  the  iodine  delivered  in 
with  constant  shaking  or  stirring  until  a  jx)int  occurs  at  which 
a  final  drop  of  iodine  colours  the  whole  blue — a  sign  that  the 
substance  can  take  up  no  more  iodine,  and  that  the  drop  in  excels 
has  shown  its-characteristic  effect  upon  the  starch. 

Free  chlorine,  or  its  active  compounds,  cannot,  however,  bo 
titrated  with  thiosulphate  directly,  owing  to  the  fact  that,  instead 
of  tetrathionic  acid  being  produced  as  with  iodine,  sulphuric  acid 
occurs,  as  may  be  readily  seen  by  testing  with  baric  chloride. 
In  such  cases,  therefore,  the  chlorine  must  be  evolved  from  its 
compound  and  passed  into  an  excess  of  solution  of  pure  potassic 
iodide,  where  it  at  once  liberates  its  eipiivalent  of  iodine,  which 
can  then,  of  course,  be  estimated  with  thiosulphate. 

All  bodies  which  contain  available  oxygen,  and  which  evolve 
chlorine  when  boiled  with  strong  hydrochloric  acid,  such  as  the 
chn)mates,  manganates,  and  all  metallic  peroxides,  can  be  readily 
and  most  accurately  estimated  by  this  method. 

1.    Preparation  of  the  Decinormal  Solution  of  Iodine. 

I  =  127  ;  12*7  gm.  per  liter. 

Chemically  pure  iodine  may  be  obtained  by  intimately  mixing 
dry  commercial  iodine  with  about  one-fourth  of  its  weight  of 
potassic  iodide,  and  gently  heating  the  mixture  between  two  large 
watch-glasses  or  porcelain  capsules ;  the  lower  one  being  placed 
upon  a  heated  iron  plate,  the  iodine  sublimes  in  brilliant  plates, 
^hich,  with  the  exception  of  a  trace  of  moisture,  are  pure. 
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The  watcli-glass  or  capsule  containing  the  iodine  is  placed  under 
the  exsiccator  to  cool,  and  also  to  deprive  it  of  any  traces  of  watery 
vapour;  then  12 '7  gm.  are  accurately  weighed,  and  together  with 
about  18  gm.  of  pure  potussic  iodide  (free  from  iodate)*  dissolved 
in  about  250  c.c.  of  water,  and  diluted  to  a  liter.  The  flask  must 
not  be  heated  in  order  to  promote  solution,  and  care  must  be  taken 
that  iodine  vapours  are  not  lost  in  the  operation. 

The  solution  is  best  preserved  in  stoppered  bottles,  kept  in  the 
dark,  and  which  should  be  completely  filled ;  but  under  any 
circumstances  it  does  not  hold  its  strength  well  for  any  lengtli 
of  time,  and  conse(|uently  should  bo  titrated  before  use  in 
analysis. 

The  verification  of  the  iodine  solution  may  be  done  in  many 
ways.  Pure  sodic  thiosulphate  prepared  as  described  below,  or 
a  strictly  yiy  solution  of  it,  or  again  pure  arsenious  acid  or  its  ^f^ 
solution,  with  the  addition  of  a  little  sodic  bicarbonate,  or  baric 
thiosulphate  as  proposed  by  Plimpton  and  Chorley,  may  h& 
used ;  this  latter  salt  possesses  a  high  molecular  weight,  267  parts- 
being  equivalent  to  127  of  iodine,  but  being  sparmgly  soluble  in 
water  the  titration  must  be  carefully  done,  inasmuch  as  the 
crystalline  powder  has  to  be  gradually  decomposed  by  the  iodine, 
and  the  end-point  may  easily  be  overstepped.  A  weighed  ([uantity 
of  the  salt  is  put  into  a  stoppered  bottle  with  water,  and  the 
iodine  run  in  from  a  burette  with  continuous  shaking,  until  the 
salt  is  nearly  dissolved ;  starch  indicator  is  then  added,  and  the 
iodine  continued  with  shaking  until  the  blue  colour  is  faintlv 
permanent. 

Pure  baric  thiosulj^hate  is  easily  prepared  by  mixing  together 
a  warm  solution  of  50  gm.  of  sodic  thiosulphate  in  300  c.c.  of 
water,  and  40  gm.  of  baric  chloride  in  a  like  volume  of  wanu 
M'ater ;  after  stirring  well,  the  salt  soon  separates  in  fine  powdery 
crystiils.  These  arc  collected  in  a  funnel  stopped  with  glass  or 
cotton  wool,  repeatedly  washed  with  cold  water  till  all  chlorin© 
Ls  removed,  then  dried  at  below  30'  C.  on  a  gli\ss  or  porcelain 
plate  until  all  extraneous  moisture  is  removed  ;  or  the  crystals  may 
be  treated,  after  thorough  washing  with  alcohol  and  ether,  as» 
described  below  for  sodic  thiosulphate. 

2.    Decinormal  Sodio  Thiosulphate. 

Na2S20^  5ir^0  =  248-27  =  24*827  gm.  per  liter. 

It  is  not  difficidt  either  to  manufacture  or  jirocure  pure  sodic 
thiosulphate,  but  there  may  be  uncertainty  as  to  extraneous  water 

•  Morse  and  Burton  (Amer.  Chem.  Jour.,  1888)  state  tlmt  j^otossic  iodide  may  be 
completely  freed  from  iodate  by  boiling  a  solution  of  it  with  zmc  amalgum,  prepared 
by  snakingr  zinc  dust  in  good  proportion  with  mercury  in  presence  of  tartaric  acia,  and 
washing  with  water.  The  iodate  is  completely  reduced  with  formation  of  zinc  hydroxide. 
The  pure  solution  of  iodide  is  filtered  tor  use  through  a  i)ai)er  filter  saturated  with  hot 
water. 
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held  within  the  crystals.  In  ortlor  to  avoid  this,  Moinckc 
(Chem,  Zeit.  xviii.  33)  recommends  that  the  otherwise  pure  crystids 
be  broken  to  coarse  ix)wder,  wa.shed  first  witli  ])nre  alcohol,  then 
with  ether,  and  lastly  dried  in  a  current  of  dry  air  at  ordinary 
temperature.  The  salt  so  prei)ared  may  be  weighed  directly,  and 
dissolved  in  a  liter  of  distilled  water,  and  then  titrated  with  the 
iodine  solution  and  starch  indicator ;  or  it  may  bo  checked  with 
^  bichromate  as  recommended  by  Mohr,  by  digesting  a  measured 
volume  of  the  bichromate  with  an  excess  of  potassic  iodide,  and 
hydrochloric  acid,  in  a  well-stoppercd  flask  at  modenite  heat. 
When  the  mixture  has  cooled,  the  liberated  iodine  is  measured  by 
the  thiosulphate,  and  the  working  power  of  the  latter  ascertained. 
It  is  advisable  to  preserve  the  solution  in  the  dark.  After  a  time 
all  solutions  of  thiosulphaUi  undergo  a  slight  amcmnt  of  oxidation, 
and  sulphur  deposits  upon  the  bottle ;  it  is  therefore  always 
advisable  to  titrate  it  previous  to  use. 

Beside  the  decinormal  iodine  and  thiosulphate,  it  is  convenient 
m  some  cases  to  use  centinormal  solutions,  which  can  readily  ])e 
prepared  by  diluting  the  decinormal  solution  when  recpiired. 

In  using  the  iodine  solution  Mohr's  burette  may  be  employed, 
but  care  must  be  taken  that  the  solution  is  not  left  in  it  for 
any  length  of  time,  as  decomposition  slowly  takes  place,  and  the 
tube  becomes  hard  ;  the  tap  burette  is  on  this  account  prefenible. 

3.    Starch  Indicator; 

One  part  of  clean  potato  starch,  or  arrowroot,  is  lirst  mixed 
smoothly  with  cold  water  into  a  thin  paste,  then  gradually  poured 
into  al>out  150  or  200  times  its  weight  of  boiling  water,  the  boiling 
continued  for  a  few  minutes,  then  allowed  to  stand  and  settle 
thoroughly ;  the  clear  solution  only  is  to  l)e  used  as  the  indicator, 
of  which  a  few  drops  only  are  necossary.*  The  solution  may 
be  preserved  for  some  long  time  by  adding  to  it  a  few  drops  of 
chloroform,  and  shaking  well  in  a  stoppered  bottle. 

Lintner's  soluble  starch  acts  well  as  an  indicator,  as  it  gives  at 
once  a  clear  solution  in  boiling  water.  It  is  prepared  by  steeping 
potato  starch,  at  ordinary  temperature,  for  a  week  in  dilute  hydro- 
chloric acid,  washing  out  the  acid  with  repeated  quantities  of  cold 
water,  an<l  drying  the  starch  at  a  moderate  temjKjrature.  The 
colour  which  occurs  with  this  form  of  starch  is  not  quite  so  ])ure 
a  blue  as  fresh  ordinary  starch,  owing  to  the  presence  of  some 
dextrine  produced  unavoidably  in  the  preparation,  but  it  is  no 
hindrance  to  the  end-point  in  practice. 

Concentrated  Solution  of  Starch. — This  will  keep  any  length  of 
time.     Made  by  rubbing  about  5  gm.  starch  to  a  smooth  emulsion, 

*  In  iodometric  analyses  it  is  always  advisable  in  titrating  the  free  iodine  with  thio- 
sulphate or  arsenious  solution  to  delay  adding  the  starch  until  the  iodine  colour  is  nearly 
removed;  a  much  more  delicate  ending  may  be  obtained  and  with  very  little  starch. 

K    2 
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with  about  50  c.c,  water.  Tlion  add  25  c.c.  of  strong  solution  tf 
caustic  |iotasli  Finil  simkc  wel],  dilute  with  linlf  a  liti!r  uf  wator, 
]>oil,  Btul  allow  to  settle.  This  indicator  answers  very  Arell  iu 
cases  wfaurc  tlie  alkali  is  of  no  conecqueuce,  hut  is  not  available 
for  the  delioal*  acidimetric  method  by  iodic  acid  unless  llie  alkali 
is  exactly  corrected.  It  answers  well,  however,  with  the  ailrtitioii* 
of  2  gm.  of  potassic  iodide  as  a  reagent  for  aitrites,  niid  keepi 
perfectly  though  exposed  to  light. 


Vig.  -Jl. 
to  the  whole  or  a  part  only  of  the  oxygen  they  contain  according  to| 
circumstances.  Upon  this  fact  are  baaed  tlie  variety  of  auidyso* 
which  may  be  aeconipliuhed  by  means  of  iodine  and  sodic  thiO' 
eulphal£,  or  ar8cnit« ;  the  chlorine  so  evolved,  however,  is  not  iteelf 
estimated,  but  is  conveyed  by  means  of  a  suitable  apparatus  into 
a  sohition  of  ijotaaaic  iodide,  thereby  lilaerating  an  equivalent 
<iuantity  of  iodine.  This  latter  body  ia  then  estimated  by  thio. 
sulphate ;  the  (juantity  so  found  is,  therefore,  a  measure  of  the 
oxygen  existing  iu  the  original  substance,  and  consequently 
a  measure  of  the  substance  iUelf.  Analyses  of  this  class  may  bo 
made  the  most  exact  in  the  whole  range  of  volumetric 
fur  outstripping  any  process  by  weight. 
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Tlie  apjiamtus  used  for  iliatilHiig  tlii.'  eiitistaiires,  nnil  cniivpyitif; 
the  lilieriitcil  clilorinc  into  tliu  nlknliiie  i<i(lii]c,  niny  jiosscss  a  viirii'ty 
of  forms,  the  most  serviecabli?,  howt-ver,  l>uing  tlir  three  kinds 
devised  respectively  l»y  Itiinseii,  Fri'sciiiius,  ami  Molir. 

Bunf>eu'H  ariiin^reinent  I'oiisiHt^  of  tin  inverted  retort,  into  the 
neck  of  wliieli  the  tidic  from  tlte  Kiiinll  distillinf;  Haak  ia  jiikssud. 

Owing  til  the  great  Hulubility  of  IICI  in  the  fonn  of  f!as,  tlie 
a])|iiratu.s  must  ho  mi  constructed  thnt  wlien  nil  CI  in  libcnit^d  and 
HCl  begins  to  distil,  tbe  liijiiid  nmy  not  riisli  back  to  the  fliisk 
owing  to  condciisiition. 


The  beat  ])reventive  of  tliis  regurgitatinn  is,  however,  snggcated 
by  Freflenins,  and  ajijilicalile  to  each  kind  of  apjiaratns;  namely, 
ttio  ad<lition  of  a  few  jiieces  of  [inre  luagncsite.  This  Nulistjimje 
dissolves  but  slowly  in  the  hydroehlori<;  aiid,  and  so  keeim  uii 
a  constant  How  of  CO-,  the  jiressnro  of  whieh  is  snHicient  to 
jireveiit  the  return  of  the  liijnid. 

The  apparatus  contrived  by  Presenius  is  shown  in  fig.  37,  and 
is  exceedingly  iisefid  as  an  absorption  apparatus  for  general 
purposes. 
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Molir's  apparatus  is  shown  in  fig.  38  and  is,  on  account  of  its 
simplicity  of  construction,  very  easy  to  use. 

The  distilling  flask  is  of  about  2  oz.  caj)acity,  and  is  fitted  with 
a  cork  soaked  to  saturation  in  melted  paraffin ;  through  the  cork 
the  delivery  tube  containing  one  bulb  passes,  and  is  again  passed 
through  a  common  cork,  fitttnl  loosely  in  a  stout  tube  about  12  or 
13  inches  long  and  1  inch  wide,  closed  at  one  end  like  a  test  tube. 
This  tube,  containing  the  alkaline  iodide,  is  placed  in  an  liydrometer 
glass,  about  1 2  inches  high,  and  surrounded  by  cold  water ;  the 
delivery  tube  is  drawn  out  to  a  line  point,  and  reaches  nearly  to 
the  bottom  of  the  condenser.  Xo  support  or  clamp  is  necessary, 
as  the  hydrometer  glass  keeps  everything  in  ])osition.  Tlie 
substance  to  be  distilled  is  put  into  the  flask  and  covered  with 
strong  hydrochloric  acid,  the  magnesite  added,  the  condenser 
supplied  with  a  sufficient  quantity  of  iodide  solution,  and  the 
apparatus  put  together  tightly.  Either  an  argand  or  common 
spirit  lamp,  or  gas,  may  be  used  for  heating  the  flask,  but  the 
flame  must  be  manageable,  so  that  the  boiling  can  be  regulated  at 
will.  In  the  case  of  the  common  spirit  lamp  it  may  be  held  in  the 
hand,  and  applied  or  withdrawn  according  to  the  necessities  of  the 
case  :  the  argand  spirit  or  gas  lamp  can,  of  course,  be  regulated  by 
the  usual  arrangements  for  the  purpose.  If  the  iodine  liberated 
by  the  chlorine  evolved  should  be  more  than  will  remain  in 
solution,  the  cork  of  the  condensing  tube  must  be  lifted,  and  more 
solution  added.  When  the  operation  is  judged  to  be  at  an  end, 
the  apparatus  is  disconnected,  and  the  delivery  tube  washed  out 
into  the  iodide  solution,  which  is  then  emptied  into  a  beaker  or 
flask  and  preserved  for  titration,  a  little  fresh  iodide  solution  is 
put  into  the  (!ondenser,  the  apparatus  again  put  together,  and 
a  second  distillation  commenced,  and  continued  for  a  minute  or  so, 
to  collect  every  trace  of  free  chlorine  present.  This  second 
operation  is  only  necessary  as  a  safeguard  in  case  the  first  should 
not  have  been  complete. 

The  solutions  are  then  mixed  together  and  titrated  in  the 
manner  previously  described.  In  all  cases  the  solution  must  be 
cooled  before  adding  the  thiosulphate,  otherwise  sulphuric  acid 
might  be  formed. 

Instead  of  the  large  test  tube,  some  operators  use  a  (J  tube  to 
contain  the  potassic  iodide,  having  a  bulb  in  each  limb,  but  the 
latter  is  not  necessary  if  magnesite  is  used. 

The  solution  of  potassic  iodide  may  conveniently  be  made  of 
such  a  strength  that  y-^  eq.  or  33*2  gm.  are  contained  in  the  liter. 
1  c.c.  will  then  be  sufficient  to  absorb  the  quantity  of  free  iodine, 
representing  1  per  cent,  of  oxygen  in  the  substance  analyzed, 
suj3pasing  it  to  be  weighed  in  the  metric  system.  In  examining 
peroxide  of  manganese,  for  instance,  0*436  gm.  or  4*30  grn.  would 
be  used,  and  supposing  the  percentage  of  peroxide  to  be  about 
sixty,  60  c.c.  or  dm.  of  iodide  solution  would  be  sufficient  to  absorb 
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the  chlorine  aiul  koi-p  in  solution  the  iuitinc  libcratml  liy  tlm 
process ;  it  is  mlvisaljle,  liowtvur,  to  Imvc  jin  excess  of  ioilide,  «nd, 
tliei'efoi'c,  in  tliis  cnse,  aliout  7U  c.t:  or  dm.  sliouM  lie  used. 
A  soliitiuii  of  indefioite  strength  will  iiuKwer  ns  well,  so  long  as 
fiioiiyh  is  I'.sed  to  alisorb  all  tlii!  iodine.  It  way  soiuctiiues  happen 
that  nut  enough  ioilide  is  present  to  keep  ;dl  the  libemted  iodine  in 
solution,  in  wliieii  ense  it  will  segiarate  out  in  the  solid  form ;  more 
i'iilide,  however,  may  l«  ailded  to  dissolve  the  iodine,  and  the 
titration  can  then  be  made  ns  iistiiil. 

Tlie  iii'ocesH  of  distillation  uIkivo  described  may  l>e  avoided  in 
many  cases.  There  are  a  great  number  of  substances  which,  by 
nierc  digestion  with  hydroebloi'ic  aei<l  and  potoasie  ioilide  at  im 
olcvated  tcmjicTature,  undergo  deconi]K)Hi- 
tion  quite  us  completely  as  by  cli.itillation.  - 
For  this  jmriioHu  a  strong  !x>ttle  witli " 
a  very  accurately  ground  stopper  is  uei^'s- 
sarj' ;  anil  as  tlic  onliiuiry  xtop|iered  liottles  | 
of  cominene  are  not  snflieieiitly  tight,  it  is  ! 
1)Ctter  to  re-grind  the  stup^ier  with  u  little 
rerij  fine  (iiiiery  and  wat«'r.  It  must  tJien 
]>e  tested  by  tying  the  stopper  tightly 
down  and  immersing  in  hot  wutcr  ;  if  any 
bubbles  of  air  find  tJieir  way  tbroiigli  the  [j., 
fitop|jer  the  bottle  is  useless.     The  capa- 

fity  may  vary  from  30  to  150  e.e.,  acconl-  '  ■" 

ing  to  the  ni;reasities  of  the  case, 

Tlie  st"iJi)er  may  he  seeurt-d  by  line  copper  binding-wiie,  or 
a  kind  of  rlam]>  contrive<l  by  Mohr  may  be  used,  as  shown  in 
tig.  ;iO;  hy  means  of  the  thunih-sc:rews  the  jiressure  u]>on  the 
stopi>cT  may  be  inereawed  to  almost  any  extent, 

Till-  sub^Luiee  to  be  examined,  if  in  [luwder,  is  put  intii  tliu 
bottle  with  pure  Hint  jiebbles  or  sniidl  garnets,  so  as  to  divide  it 
better,  ami  a  sufficient  <piantity  of  rtttiiiaM  solution  of  jiotassic 
iodide  and  pure  hydn>eblorie  neid  added ;  the  stopper  is  then 
insertiMl,  fastentnl  down,  and  tbe  bottle  Husj)endeil  in  a  water 
l>ath,  and  the  water  is  gradually  lieuted  to  boiling  by  a,  gaa 
Hume  or  hot  plate  as  may  lie  most  convenient.  When  the 
<lecom|)OKition  is  comjilete  the  bottle  is  removed,  allowei!  to  cool 
wonicwhat,  then  pla<;ed  in  cold  water,  and,  after  beiiig  shaken, 
Ginptieil  into  a  beaker,  and  the  litpiid  diluted  by  tlie  ;va.ibings 
for  titration. 

The  salts  of  ehlorie,  iodic,  bromic,  niid  chroniic  acids,  togetlier 
with  many  other  eontjKiunds,  may  lie  as  effectually  decomposed  by 
iligestion  a.*  by  distillation ;  many  of  tbeni  even  at  ordinary  tem- 
jKraturcs.  ltea.'ntly  prct.-ipitAted  oxides,  or  the  natural  oxides, 
when  reduced  to  fine  [wwder  are  readily  dis.<olved  and  de- 
v<mi|Mi3ed  hy  very  weak  acid  in  the  presence  of  potassle  iodido 
(Pickering). 
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The  potassic  iodide  used  in  the  various  analyses  must  be  abso- 
hitely  free  from  potassic  iodate  and  free  iodine,  or  if  otherwise,  the 
efl'eci  of  the  impurity  must  be  known  by  blank  experiment. 

ABSENIOXJS    ACID    AND    IODINE. 

§  40.  The  principle  Upon  which  this  method  of  analysis  is 
based  is  the  fact,  that  when  arsenious  acid  is  brought  in  contact 
with  iodine  in  the  presence  of  water  and  free  alkali,  it  is  converted 
into  arsenic  acid,  the  reaction  being — 

AS203  +  41  +  2K-0  =  As20^^  4-  4KI. 

The  alkali  must  be  in  sufficient  quantity  to  combine  with  the 
hydriodic  acid  set  free,  and  it  is  necessary  that  it  should  exist  in 
the  state  of  bicarbonate,  as  caustic  or  monocarbonated  alkalies 
interfere  with  the  colour  of  the  blue  iodide  of  starch  used  as  indicator. 

If,  therefore,  a  solution  of  arsenious  acid  containing  starch  is 
titrated  with  a  solution  of  iodine  in  the  presence  of  an  alkaline 
bicarbonate,  the  blue  colour  does  not  occur  until  all  the  arsenious 
acid  is  oxidized  into  arsenic  acid.  In  like  manner,  a  standard 
solution  of  arsenious  acid  may  be  used  for  the  estimation  of  iodino 
or  other  bodies  which  jjossess  the  power  of  oxidizing  it. 

The  chief  value,  however,  of  this  method  is  found  in  the 
estimation  of  free  chlorine  existing  in  the  so-called  chloride  of 
lime,  chlorine  water,  hypochlorites  of  lime,  soda,  etc.,  in  solution ; 
generally  included  under  the  term  of  chlorimetry. 

Preparation    of  the   j^    Solution    of  Alkaline   Arsenite. 
As20-^=  198  ;  4-95  gm.  i)er  liter. 

The  iodine  solution  is  the  same  as  described  in  §  38. 

The  corresponding  solution  of  alkaline  arsenite  is  prepared  by 
dissolving  4*95  gm.  of  the  purest  sublimed  arsenious  oxide  in 
about  250  c.c.  of  distilled  water  in  a  flask,  with  about  20  gm.  of 
pure  sodic  carbonate."^^  It  is  necessary  that  the  acid  should  be  iu 
powder,  and  the  mixture  needs  warming  and  shaking  for  some 
time  in  order  to  complete  the  solution ;  when  this  is  accomplished 
the  mixture  is  diluted  somewhat,  cooled,  then  made  up  to  the 
liter. 

In  order  to  test  this  solution,  20  c.c.  are  put  into  a  beaker  with 
a  little  starch  indicator,  and  the  iodine  solution  allowed  to  flow  in 
from  a  burette,  graduated  in  ^jj  c.c.  until  the  blue  colour  appears. 
If  exactly  20  c.c.  are  required,  the  solution  is  strictly  decinormal ; 
if  otherwise,  the  necessary  factor  must  be  found  for  converting  it 
to  that  strength. 

*  In  the  previous  edition  of  this  hook,  the  arsenious  solution  was  recommended  to 
he  made  with  alkaline  hicarhonate,  hut  this  has,  after  keeping,  been  found  to  giTO 
defective  results  with  hleach  analyses  from  some  cause  not  yet  understood. 
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Iodized  Starch-paper.— Starch  solution  cannot  be  used  for  the 
direct  estimation  of  free  chlorine,  consequently  resort  must  be  had 
to  an  external  indicator  ;  and  this  is  very  conveniently  found  in 
starch-iodide  paper,  which  is  best  prepared  by  mixing  a  portion  of 
starch  solution  with  a  few  drops  of  solution  of  potassic  iodide  on 
a  plate,  and  soaking  strips  of  pure  filtering  paper  therein.  The 
paper  so  prepared  is  used  in  the  damp  state,  and  is  far  more 
sensitive  than  when  dried. 

ExampU  of  Titration  :  50  c.c.  of  chlorine  water  were  mixed  with  solution 
of  sodic  carbonate,  and  brouj^ht  under  the  arsenic  burette,  and  20  c.c.  of 
jiolution  added;  on  touchin>^  the  prepared  pajier  with  the  mixture  no  colour 
was  produce<l,  consequently  the  quantity  used  was  too  great;  starch  was 
therefore  added,  and  decinonnul  iodine,  of  which  3*2  c.c.  were  required  to 
])ro<luce  the  blue  (dolour.  This  i^ave  16*8  c.c.  of  arsenious  solution,  which 
nudtiplied  hv  0003587,  ^ve  005942  ffm.  of  CI  in  the  60  c.c.  A  second 
operation  with  the  sunie  water  required  16*8  c.c.  of  arsenious  solution  direct, 
before  the  end  of  the  reaction  with  iodized  starch-paper  was  reached.. 
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PART  IV. 

ANALYSIS  V>Y  PRECIPITATION. 

§  41.  The  general  principle  of  this  method  of  determining  the 
quantity  of  any  given  substance  is  alluded  to  in  §  1,  and  in  all 
instances  is  such  that  the  body  to  be  estimated  forms  an  insoluble 
precipitate  with  a  titrated  reagent.  The  end  of  the  reaction  is, 
however,  determined  in  three  waj's. 

1.  By  adding  the  reagent  until  no  further  precii)itate  occurs, 
as  in  the  determination  of  chlorine  by  silver. 

2.  By  adding  the  reagent  in  the  presence  of  an  indicator  con- 
tained either  in  the  liquid  itself,  or  brought  externally  in  contact 
with  it,  so  that  the  slightest  excess  of  the  reagent  shall  produce 
a  characteristic  reaction  with  the  indicator ;  as  in  the  estimation 
of  sihner  with  sodic  (»hloride  by  the  aid  of  i)otassic  chromate,  or 
with  thiocyanate  and  ferric  sulphate,  or  that  of  phosphoric  acid 
with  uranium  by  yellow  potassic  prussiate. 

3.  By  adding  the  reagent  to  a  clear  solution,  until  a  precipitate 
occurs,  as  in  the  estimation  of  cyanogen  by  silver. 

The  first  of  these  endings  can  only  be  apjjlied  with  great  accuracy 
to  silver  and  chlorine  estimations.  Very  few  precipitates  have  the 
peculiar  quality  of  cliloride  of  silver ;  namely,  ahnost  perfect 
insolubility,  and  the  tendenc}^  to  curdle  closely  by  shaking,  so  as  to 
leave  the  menstruum  clear.  Some  of  the  most  insoluble  precipitiites, 
such  as  baric  sulphate  and  calcic  oxalate,  are  unfortunately  excluded 
from  this  class,  because  their  finely  divided  or  powdery  nature 
prevents  their  ready  and  perfect  subsidence. 

In  all  these  cases,  therefore,  it  is  necessary  to  find  an  indicator, 
which  brings  them  into  class  2. 

The  third  class  comprises  only  two  processes ;  viz.,  the  deter- 
mination of  cyanogen  by  silver,  and  that  of  chlorine  by  mercuric 
nitrate. 

Since  the  estimation  of  chlorine  by  i)r(?cipitation  with  silver, 
and  that  of  silver  by  thiocyanic  acid,  can  be  used  in  many  cases 
for  the  indirect  estimation  of  many  other  substiinces  with  great 
exactness,  the  prepamtion  of  the  necessary  standard  solutions  will 
now  be  described. 

SILVER    AND    CHLOBINE. 
I.    Decinormal  Solution  of  Silver. 

10*766  gm.  Ag  or  16*966  gm.  AgNO*  jjcr  liter. 

10*766  gm.  of  puYG  silver  are  dissolved  in  pure  dilute  nitric  acid 
with  gentle  heat  in  a  liask,  into  the  neck  of  which  a  small  funnel 
is  dropi)ed  to  jmjvent  loss  of  liquid  by  spirting.  When  solution 
is  complete,  the  funnel   must   be   washed   inside  and   out   with 
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distilltMl  water  into  tho  lliwk,  and  the  liquid  diluted  to  a  liter ;  but 
if  it  be  <lesired  to  use  jiotaasie  chroinate  as  indicator  in  any  analysis, 
the  solution  must  be;  neutral ;  in  which  case  tho  solution  of  silver 
in  nitric  acid  is  evaporated  to  dryness,  and  the  residue  dissolved  in 
a  liter ;  or,  what  is  preferable,  16*966  gni.  of  pure  silver  nitrate, 
previously  heated  to  120"  C.  for  ten  minutes,  are  dissolved  in 
a  liter  of  distilled  water. 

2.   Decinormal  Solution  of  Salt. 
5*837  gm.  NaCl  per  liter. 

5*837  gm.  of  pure  sodic  chloride  are  dissolved  in  distillcKl  water, 
and  the  solution  made  up  to  a  liter. 

There  are  two  methods  by  wliich  the  analysis  may  be  ended  : 

(a)  ]5y  adding  silver  cautiously,  and  well  shaking  after  each 
addition  till  n*^  further  precipitate  is  produced.  For  details 
see  S  73. 

{//)  Ly  using  a  few  drops  of  sohition  of  pure  potnssic  mono- 
chromatti  as  indicator,  as  devised  by  Mohr.  If  the  i>ure  salt  is 
not  at  hand,  som<^  silver  nitrate  should  be  added  to  the  solution  of 
the  onlinary  salt,  to  remove  chlorine,  and  the  clear  li([uid  used. 

The  methotl  h  is  exceedingly  serviceable,  on  the  score  of  saving 
})oth  time  and  trouble.  The  solutions  must  be  neutral,  and  cold. 
AVhen,  therefore,  acid  is  jjn^sent  in  any  solution  to  be  examined,  it 
sliould  be  neutralized  with  pure  sodic  or  calcic  carbonates  in  very 
slight  excess.* 

Proceng :  To  the  neutral  or  fiiinlly  nlkalino  sohition,  two  or  three 
<lr()ps  of  a  <*oM  saluratol  solution  of  (•hn)mato  are  added,  and  tho  silver 
solution  delivercMl  from  tho  burette  until  the  last  dn)p  or  two  produce 
u  faint  l)lo<Ml-rod  tinge,  an  ovideneo  that  all  the  chlorine  has  combined  with 
the  silver,  and  the  sli^^ht  excess  has  formed  a  precipitato  of  silver  (*hromate  ; 
the  reaction  is  very  delicjite  and  easily  distinguished.  The  colour  reaction 
is  even  more  easily  seen  by  j(as-li^'ht  than  by  (Hylij^ht.  It  may  he  rendered 
more  deli(?atc  by  adoptin;^  the  j>lan  sujjj^stod  by  Dupre  {Analynt  v.  123). 
A  js'hiss  cell,  about  1  centimeter  in  depth,  is  iille<i  with  water  tinted  with 
i-hromate  to  the  wuno  colour  Jis  the  solution  to  be  titrated.  Tho  operation  is 
l>crformed  in  a  white  jjorcelain  basin.  Tho  faintest  ai)i>eanince  of  the  red 
<*hanpe  is  at  once  dete<:ted  on  lookinij  throujjh  the  coloure<l  cell.  For  tho 
analysis  of  waters  weak  in  chlorine  this  method  is  very  sorvicealde, 
but  cx)ntniry  to  what  has  been  generally  a<Te])te<l,  the  accuracy  of  tho 
results  are  seriously  interfered  with  by  jrreat  dilution  or  hi«;h  temponituro 
(W.  G.  Young,  Analyst  xviii.  125).  As  is  tho  cjise  with  most  volumetric 
l»nH'e»«ses,  it  is  therefore  necessary  in  order  to  secure  a  high  degree  of 
accuracv  to  titrato  under  the  same  couditioDs  under  which  the  standard  was 
fixed. 

Example:  1  gm.  of  pure  sodic;  chloride  was  dissolved  in  1(K)  c.c.  of  water, 
a  few  drops  of  chromate  added,  and  titrated  with  -y^  silver,  of  which  IT'l  <^c. 
were  required  to  prcMluce  the  red  colour ;  multiplieii  by  the  ,"0  factor  for 
sodic  chloride  =  0005837  the  result  was  0*998  gm.  NaCl,  instead  of  1  gm. 

*  Silver  chroumte  w  nousiUly  HoltiMo  iu  the  presouco  of  alkiiline  or  ourthy  nitnit«8, 
csiKicuiUy  at  u  hiirh  teui}>eruturo ;  Hodic  und  culcic  liydmtcM  huvv  the  loiist  effect; 
uuiinonic,  potUHHic,  aiid  inugnesic  uitrutes  the  MTCuteiit.  See  also  F  o  r  I)  e  s  C  a  r  i)  c  u  t  e  r 
(J.  S.  C.  i.  T.  286). 
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INDIBECT  ESTIMATION  OF  AMMONIA,  SODA,  POTASH, 
LIME,  AND  OTHEB  AIjKALIES  AND  ALKALINE  EABTH8, 
WITH  THEIB  CABBONATES,  NITBATE8,  AND  CHLO- 
BATES,  ALSO  NITBOQEN,  B7  MEANS  OF  DECINOBMAL 
SILVEE  SOLUTION,  AND  FOTASSIO  CHBOMATE,  AS 
INDICATOB. 

1  c.c.  ^^  silver  solution  =  y^J^j^  H.  eq.  of  eacli  substance. 

§  42.  MoHR,  with  his  characteristic  ingenuity  ha.s  made  use 
of  the  delicate  reaction  between  chlorine  and  silver,  with  potassic 
chromate  as  indicator,  for  the  determination  of  tlie  bodies  men- 
tioned above.  All  compounds  capable  of  being  converted  into 
neutral  chlorides  by  evai)oration  to  dryness  with  hydrochloric  acid 
may  be  determined  wnth  great  accuracy.  The  chlorine  in  a  com- 
bined state  is,  of  course,  the  only  substance  actually  determined ; 
but  as  the  laws  of  chemical  combination  are  exact  and  well  known, 
the  measure  of  chlorine  is  also  the  measure  of  the  base  with  which 
it  is  combined. 

In  most  cases  it  is  only  necessary  to  slightly  supersaturate  the 
alkali,  or  its  carbonate,  with  pure  hydrochloric  acid ;  evaporate  on 
the  water  bath  to  dryness,  and  heat  for  a  time  to  120^  C.  in  the  air 
bath,  then  dissolve  to  a  given  measure,  and  take  a  portion  for 
titration  ;  too  great  dilution  must  be  avoided. 


Alkalies  and  Alkaline  Earths  with  organic  acids  are  ignited  to 
convert  them  into  carbonates,  then  treated  with  hydrochloric  acid, 
and  evaporated  as  l>efore  described. 

Carbonic  Acid  in  combination  may  be  determined  by  precipita- 
tion with  baric  chloride,  as  in  §  23.  The  washed  precipitate  is 
dissolved  on  the  filter  with  hydrochloric  acid  (covering  it  with 
a  watch-glass  to  prevent  loss),  and  then  evaporated  to  dryness 
repeatedly  till  all  HCl  is  driven  oif.  In  order  to  titrate  with 
accuracy  by  the  help  of  potassic  chromate,  the  baryta  must 
be  precipitated  by  means  of  a  solution  of  pure  sodic  or  potassic 
sulphate,  in  slight  excess;  the  precipitated  baric  sulphate  does 
not  interfere  with  the  delicacy  of  the  reaction.  If  this  precaution 
were  not  taken,  the  yellow  baric  chromate  would  mislead. 

Free  Carbonic  Acid  is  collected  by  means  of  ammonia  and  baric 
chloride  (as  in  §  23),  and  the  estimation  completed  as  in  the  case  of 
combined  CO'-^. 

Chlorates  are  converted  into  chlorides  by  ignition  before  titration. 

Nitrates  are  evaporated  with  concentrated  hydrochloric  acid,  and 
the  resulting  chlorides  titrated,  as  in  the  previous  case. 

Nitroffen. — The  ammonia  evolved  from  guano,  manures,  oilcakes, 
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and  suiulry  other  substances,  when  burned  with  scxhi  lime  or 
obtained  by  the  Kjehlahl  method,  is  (conducted  throu^'h  dilute 
hydrochloric  acid ;  the  liquid  is  carefully  evaporated  to  dryness 
before  titration. 

In  all  cases  the  oi)erator  will,  of  course,  take  care  that  no  chlorine 
from  extraneous  sources  other  than  the  hydrochloric  acid  is  jaesent; 
or  if  it  exists  in  the  bcxlies  themselves  as  an  impurity,  its  (puintity 
must  be  first  determined. 

Example:  0'25  )!}\\.  puro  sodic  carbonate  wan  dissolved  in  water,  aiul 
hydrocliloric  acid  added  till  in  excess;  it  was  then  drie<i  on  the  water  bath 
till  no  further  vapours  of  acid  were  evolved ;  the  resulting  white  mass  was 
heate<l  for  a  few  minutes  to  about  150'  C,  dissolved  and  made  up  to  aOO  c.c. 
100  c.c.  required  157  c.c.  *^  silver,  this  multi})lied  by  3  jjavc  47' 1  c.c,  which 
multiplied  by  the  ,"0  factor  for  sodic  carbonate— 00053,  j^vo  ()24tK)3  gm. 
instead  of  0*25  ^m. 

Indirect  Eatimation  of  Potash  and  Soda  exiatlngr  aa  Mixed 
Ohloridea. — It  is  a  problem  of  fn^juent  occurrence  to  de terminer  the 
relative  quantities  of  potash  and  £oda  existing  in  mixtures  of  the 
two  alkalies,  such  as  occur,  for  instance,  in  urine,  manures,  soils, 
waters,  etc.  Tiic  actual  separation  of  potash  from  soda  by  means 
of  ])latinum  is  tedious,  and  not  always  satisfact<jry. 

The  following  method  of  calculation  is  frequently  convenient, 
since  a  careful  estimation  of  the  chlorine  present  in  the  mixture  is 
the  only  labour  recpiired  ;  and  this  can  most  readily  be  accom- 
plished by  I'j  silver  and  chromate,  as  previously  described. 

(1)  The  weight  of  the  mixed  ]mre  chlorides  is  a(!curately  found  and  note<l. 

(2)  The  chlorides  are  then  dissolved  in  water,  and  very  (»n»fully  titrated 
with  i"  silver  and  chromate  for  the  amount  of  chlorine  present,  which  is 
also  recorded;  the  calcukition  is  then  as  follows: — 

The  weight  of  chlorine  is  multiplied  by  the  factor  2*1(X3;  from  the  i)ro<luct 
90  obtained  is  de<lucted  the  weij^ht  of  the  mixe<l  salts  found  in  1.  The 
remainder  multiplied  by  3'(i288  will  j^ive  the  weight  of  sodic  chloride 
present  in  the  mixture. 

The  wei^'ht  of  sodic  chloride  de<lucted  from  the  total  as  found  in  1  will 
j^ivo  the  weij^ht  of  jwtsissic  chloride. 

Sodic  chloride      x   0T>302=Soda  (Na-0). 
Potassic  chloride X   00317=Potash  (K*()). 

The  princi])le  of  the  calculation,  whi<*h  is  based  on  the  atomic  constitution 
of  the  individual  chlorides,  is  explained  in  most  of  the  st^uidard  works  on 
general  analysis.  Indirect  methods  like  this  can  only  >?ive  useful  rchults 
when  the  atomic  weights  of  the  two  substances  differ  considerably,  and  when 
the  projiortions  are  approximately  equal. 

Another  metluKl  of  calculation  in  the  case  of  mixed  ])oUissic  and 
sodic  chlorides  is  as  follows  : — 

The  weight  of  the  mixture  is  first  ascertained  and  noted ;  the  chlorine  is 
then  found  by  titration  with  ^^  silver,  and  calculated  to  NaCl  :  the  weight 
so  obtained  is  deducted  from  the  orivrinal  weight  of  the  mixture,  and  the 
remainder  multii»lied  by  242857  will  give  the  potassium. 
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SILVER  AND  THIOCSTANIC  ACID. 

§  43.  This  excellent  and  most  accurate  method  has  been  devised 
by  Vol  hard  and  is  fidly  described  by  the  author  {Liebirfs  Ann.  d. 
Chem.  cxc.  1),  and  has  been  favourably  noticed  by  Falck  (Z.  a.  C. 
xiv.  227),  Briigelman  {Z.  a,  C.  xvi.  7),  and  Drechsel  {Z,  a.  C, 
xvi.  351),  and  many  other  well  known  chemists.  It  differs  from 
Mohr's  chromate  method  in  that  the  silver  solutions  may  contain 
free  nitric  acid,  which  renders  it  of  great  service  in  indirect 
analyses. 

This  method  is  based  on  the  fact  that  when  solutions  of  silver 
and  an  alkaline  thiocyanate  are  mixed  in  the  presence  of  a  ferric 
salt,  so  long  as  silver  is  in  excess,  the  thiocyanate  of  that  metal 
is  precipitated,  and  any  brown  ferric  thiocyanate  which  may 
form  is  at  once  decomposed.  When,  however,  the  thiocyanate  is 
added  in  the  slightest  excess,  brown  ferric  thiocyanate  is  formed, 
and  asserts  its  colour  even  in  the  presence  of  much  free  acid. 
The  method  may  of  course  be  used  for  the  estimation  of  silver, 
and  by  the  residual  process,  for  the  estimation  of  substances  which 
are  completely  precipitated  by  silver.* 

It  may  be  used  for  the  estimation  of  silver  in  the  presence  of 
copper  up  to  70  per  cent. ;  also  in  presence  of  antimony,  arsenic, 
iron,  zinc,  manganese,  lead,  cadmium,  bismuth,  and  also  cobalt  and 
nickel,  unless  the  proportion  of  these  latter  metals  is  such  as  to 
interfere  by  intensity  of  colour. 

It  may  further  be  used  for  the  indirect  estimation  of  chlorine, 
bromine,  and  iodine,  in  presence  of  each  other,  existing  either  in 
minerals  or  inorganic  compounds,  and  for  copper,  manganese,  and 
zinc ;  these  will  be  noticed  under  their  respective  heads. 

1.    Decinorxnal  Axnxnonic  or  Fotassic  Thiocyanate. 

This  solution  cannot  be  prepared  by  weighing  the  thiocyanate 
direct,  owing  to  the  deliquescent  nature  of  the  salts.;  therefore 
about  8  gm.  of  the  ammonium,  or  10  gm.  of  the  potxissium  salt 
may  be  dissolved  in  about  a  liter  of  water  as  a  basis  for  getting  an 
exact  solution,  which  must  be  finally  adjusted  by  a  correct 
decinormal  silver  solution. 

The  standard  solution  so  prepared  remains  of  the  same  strength 
for  a  very  long  period  if  preserved  from  evaporation. 

2.    Decinorxnal  Silver  Solution. 

This  is  the  same  as  described  in  a  preceding  section  (§  41),  and 
may  contain  free  nitric  acid  if  made  direct  from  metallic  silver. 

*  In  coses  where  cUorine  is  precipitated  hy  excess  of  silver,  and  the  excess  has  to  be 
found  by  thiocyanate,  experience  has  proved  that  it  is  absolutely  necessary  to  filter  off 
the  chloride  and  titrate  the  filtrate  and  washings.  If  this  be  not  done  the  solvent 
effect  of  the  thiocyanate  upon  the  AgCl  wiU  ^ve  inaccurate  results.  This  fact  seems 
to  have  been  overlooked  at  the  time  the  method  was  &rst  introduced. 
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3.    Ferric  Indicator. 

This  may  consist  sim])ly  of  ji  saturated  solution  of  iron  alum  ; 
or  may  l)c  made  by  oxidizing  ferrous  sulj)hat<!  Avitli  nitric  acid, 
evai)orating  with  excess  of  sulphuric  aciil  to  dissipate  nitrous 
fumes,  an(i  dissolving  the  residue  in  wat(»i'  so  that  the  strength 
is  about  10  per  cent. 

5  c.c.  of  either  of  these  solutions  are  used  for  each  titration, 
which  must  always  take  place  at  ordinary  temj^eratures. 

4.     Pure   Nitric  Acid. 

This  must  be  free  from  the  lower  oxides  of  nitrogen,  secuivd  by 
diluting  the  usual  pure  acid  with  about  a  fourth  part  of  water, 
and  boiling  till  i)erfectly  colourless.  It  should  then  be  preserved 
in  the  dark. 

The  quantity  of  nitric  acid  used  in  the  titration  may  vary 
within  wide  limit*^,  and  seems  to  have  no  ell'ect  upon  the  precision 
of  the  nujthod. 

The  ProcfiS9  for  Sih'er :  50  c.c.  of  j'^  silver  solution  are  placed  into 
a  flask,  diluted  somewhat  with  water,  and  5  c.c.  of  ferric  indicator  adde<l. 
together  with  about  10  c.c.  of  nitric  acid.  If  tho  iron  solution  should 
cause  a  yellow  colour,  the  nitric  acid  *vill  remove  it.  Tho  thiocyanato  is 
then  delivered  in  from  a  burette;  at  first  a  wliite  precipitate  is  produced 
rendering  the  fluid  of  a  milky  appeanmce,  and  as  each  drop  of  thior-yanate 
falls  in,  it  produces  a  reddish-brown  cloud  which  ([uickly  disappears  on 
shakin^D:.  Am  tlie  point  of  wituration  approaches,  the  precipitate  becomes 
flocculent  and  settles  easily ;  finally,  a  drop  or  two  of  thiocyanaU*  projlures 
a  faint  brown  colour  which  no  longer  disappears  on  shaking'.  If  the 
solutions  are  correc^tly  balanced,  exactly  50  c.c.  of  thiocyanal<»  should  be 
required  to  produce  this  effect. 

The  colour  is  best  seen  by  holding  the  flask  so  as  to  ciich  tho  reflected 
light  of  a  white  wall  or  a  su'tpended  sheet  of  white  paper. 

PRECISION  IN  COLOUR  REACTIONS^ 

§  44.  Dupui^:  adopts  the  following  ingenious  m(;tho<l  for  colour 
titrations  {Anal yd  v.  123) : — As  is  well  knoAvn,  the  change  from 
l)ale  yellow  to  red,  in  tho  titration  of  chlorides  by  means  of  silver 
nitrate  with  neutral  chromate  as  indicator,  is  more  distinctly 
perceived  by  gas-light  than  by  daylight ;  and  in  the  case  of  potable 
waters,  containing  from  one  to  two  grains  of  chlorine  per  gallon, 
it  is  absolutely  necessary  to  concentrate  by  evaporation  previous 
to  titration,  or  els(^  to  perform  tho  titration  by  gas-light.  The 
adoption  of  the  following  simple  plan  enables  the  ojicrjitor  to 
perceive  tho  change  of  colour  as  sharply,  and  Avith  as  great 
a  certainty,  by  (h\ylight  as  by  gas-light.  Nevertheless,  jis  has 
been  before  menticmed,  it  is  imi)08siblo  to  get  accurate  results 
with  very  weak  solutions  of  chlorine  uilless  the  silver  solution 
is  standanlized  upon  similar  solutions. 

The  Avater  is  placed  into  a  white  porcelain  dish  (100  c.c.  are 
a  useful  quantity),  a  moderate  amount  of  neutral  chromate  Ls  added 
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(sufficient  to  impart  a  marked  yellow  colour  to  tlie  water),  but 
instead  of  looking  at  the  water  directly,  a  flat  glass  cell  containing 
some  of  the  neutral  chromate  solution  is  interposed  between  the 
eye  and  the  dish.  The  effect  of  this  is  to  neutralize  the  yellow 
tint  of  the  water ;  or,  in  other  words,  if  the  concentration  of  the 
solution  in  the  cell  is  even  moderately  fairly  adjusted  to  the  depth 
of  tint  imparted  to  the  water,  the  appearance  of  the  latter,  looked 
at  through  the  cell,  is  the  same  as  if  the  dish  were  filled  Avith  jnire 
water.  If  now  the  standard  silver  solution  is  run  in,  still  looking 
through  the  cell,  the  first  faint  appearance  of  a  red  coloration 
becomes  strikingly  manifest;  and  what  is  more,  when  once  the 
correct  point  has  been  reached  the  eye  is  never  left  in  doubt,  how- 
ever long  we  may  be  looking  at  the  water.  A  dieck  experiment 
in  which  the  water,  with  just  a  slight  deficiency  of  silver,  or  excess 
of  chloride,  is  used  for  comparison  is  therefore  unnecessary. 

A  similar  plan  will  be  found  useful  in  other  titrations.  Thus, 
in  the  case  of  turmeric,  the  change  from  yellow  to  brown  is  per- 
ceived more  sharply  and  with  greater  certainty  when  looking 
through  a  flat  cell  containing  tincture  of  turmeric  of  suitable 
concentration  than  with  the  naked  eye.  The  liquid  to  be  titrated 
should,  as  in  the  former  case,  be  placed  into  a  white  porcelain  dish. 
Again,  in  estimating  the  amount  of  carbonate  of  lime  in  a  water 
by  means  of  decinormal  acid  and  cochineal,  the  exact  point  of 
neutrality  can  be  more  sharply  fixed  by  looking  througli  the 
cell  filled  with  a  cochineal  solution.  In  this  case  the  following 
plan  is  found  to  answer  best.  The  water  to  be  tested — about 
^50  c.c. — is  placed  into  a  flat  porcelain  evaporating  dish,  part  of 
which  is  covered  over  with  a  white  porcelain  i)late.  The  water  is 
now  tinted  with  cochineal  as  usual,  and  the  sidphuric  acid  run  in, 
the  operator  looking  at  the  dish  through  the  cell  containing  the 
neutral  cochineal  solution.  At  first  the  tint  of  the  water  and  the 
tint  in  which  the  porcelain  plate  is  seen  are  widely  different ;  as, 
however,  the  carbonate  becomes  gradually  neutralized,  the  two 
tints  approach  each  other  more  and  more,  and  when  neutrality  is 
reached  they  appear  identiwd ;  assuming  that  the  strength  of  the 
cochineal  solution  in  the  cell,  and  the  amount  of  this  solution 
added  to  the  water,  have  been  fairly  well  matched.  Working  in 
this  manner  it  is  not  difficult  (taking  -J-  liter  of  water)  to  come 
within  0*1  c.c.  of  decinormal  acid  in  two  successive  experiments, 
and  the  difference  need  never  exceed  0*2  c.c.  In  the  cell  employed 
the  two  glass  plates  are  a  little  less  than  half  an  inch  apart. 

A  somewhat  similar  plan  may  be  found  useful  in  other  titrations, 
or,  in  fact,  in  many  operations  depending  on  the  perceptions  of 
xolour  change. 
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PART  V. 

APPLICATIOX   OF  THE  FOREGOING    PRINCIPLES   OF 
ANALYSIS   TO   SPECIAL  SUBSTANCES. 

ALUMINIUM. 

Al  =  27-3. 

§  45.  Aluminium  salts  (the  alums  and  aluminium  sulphates 
used  in  dyeing  and  paper-making)  may  be  titrated  for  alumina 
in  the  absence  of  iron  (except  in  mere  traces)  by  mixing  the  acid 
solutions  with  a  tolerable  quantity  of  sodic  acetate,  then  a  known 
volume  in  excess  of  ^^j  phosphate  solution  (20*9  gm.  of  ammonio- 
sodic  j>hosphate  |M'r  litt'r),  heating  to  boiling,  without  filtration;  the 
excess  of  phosphaU^  is  found  at  once  by  titration  with  standard 
uranium.  If  iron  in  any  ([uantity  is  present,  it  may  be  estimated 
in  a  separate  jMjrtion  of  the  substance,  and  its  amount  deducted 
before  calculating  the  alumina.  The  latter  is  ])recipitated  as 
AJPO^,  and  any  iron  in  like  manner  as  FePO"*.  Each  c.c.  of  ^^Jy 
phosphate  =  0*0051 3  gm.  APO\    Only  available  for  rough  purposes. 

Baeyer'8  Method. — As  originally  prop(>sed,  this  process  for 
estimating  alumina  in  alums  and  aluminic  sulphates  was  carri(*d 
out  by  two  titrations,  a  measured  portion  of  the  solution  being  first 
treated  with  an  excess  of  normal  soda  in  sufficient  (piantity  to 
dissolve  the  precij)itiite  of  hycbate  of  alumina  first  formed.  It  was 
then  diluted  to  a  definite  volume,  half  being  titrated  with  normal 
acid  and  litmus,  other  half  with  tropceolin  00,  the  difference  being 
calculated  to  alumina. 

A  considerable  improvement  however  hius  been  made  by  using 
phenolphthalein  as  the  indicator,  one  titration  only  being  necessary. 
The  method  is  based  on  the  fact  that,  if  to  a  solution  of  alumina, 
containing  the  indicator,  normal  soda  is  added  in  excess,  or  until 
the  red  colour  is  produced,  normal  acid  bo  then  added  until  the 
colour  disajjpears,  the  volume  of  acid  so  required  is  less  than  the 
soda  originally  added  in  proportitm  to  the  quantity  of  alumina 
present. 

The  volume  of  acid  which  so  disappears  is  in  reality  the  quantity 
necessary  to  combine  with  the  alumina  set  free  by  the  alkali ;  and 
if  this  deficient  measure  of  acid  be  multiplied  by  the  factor 
0-01716  (}  mol.  wt.  of  Al^O^),  the  weight  of  alumina  will  ])e 
obtained.  This  factor  is  given  on  the  assumption  that  the  normal 
sulphate  Al'-^SSO*  is  formed. 

The  titration  must  take  place  in  the  cold  and  in  dilute  solutions. 
Very   fair   teclinical    results    have    been   obtained    by   me   with 
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I)otash   and   ammonia    alums   and    the   commercial   sulphates   of 
alumina. 

Alumina  existing  as  aluminate  of  alkali  in  caustic  soda,  for 
instance,  may  be  very  well  estimated  by  taking  advantage  of  the 
fact,  that  such  alumina  is  quite  indiflTerent  to  methyl  orange,  but 
reacts  acid  with  phenolphthalein.  This  fact  has  been  recorded  by 
Thomson  and  others,  but  the  priority  of  discovery  appears  to  be 
due  to  Baeyer  (Z.  a.  C,  xxiv.  542),  Avho,  hoAvever,  used  litmus  in 
the  place  of  phenolphthalein  and  tropoBolin  00  instead  of  methyl 
orange. 

Cross  and  Bo  van  (J.  S.  C,  L  viii.  252)  in  their  examination  of 
caustic  soda  for  alumina,  found  by  experiment,  tliat  the  mean  of 
the  differences  between  the  titration  with  methyl  orange  and 
phenolphthalein  required  the  factor  0*0205  per  c.c.  of  normal  acid 
for  the  alumina,  pointing  to  the  salt  as  2A120^  :  oSO^. 

The  estimation  of  the  alumina  in  caustic  soda  has  given  rise  to 
much  discussion  between  even  very  experienced  operators,  notably 
MM.  Cross  and  Bevan  and  Lunge,  but  the  former  chemists 
have  proved,  as  far  as  possible,  by  various  methods,  the  accuracy 
of  their  views  that  the  above-namcMi  equation  is  correct.  The 
method  adopted  by  them  consists  in  boiling  the  weighed  sample 
with  a  slight  excess  of  standard  acid,  allowing  to  cool  and  titrating 
back  with  sUindard  soda  and  phenolphthalein.  The  acid  so  con- 
sumed represents  the  total  alkali  present.  To  a  similar  portion 
a  slight  excess  of  acid  is  added  and  titrated  back  with  soda  and 
methyl  orange. 

Estimation  of  free  Acid. — Alum  cakes  or  aluminic  sulphates  of 
various  kinds  often  contain  free  H^SO"*,  and  many  methods  have 
been  proposed  for  its  estimation.  Baeyer  titrates  a  10  per  cent, 
solution  of  the  substance  in  water  Avith  normal  soda,  and  tropoeolin 
00  or  methyl  orange. 

R.  AVilliams  (C  N,  Ivi.  194)  adopts  the  alcohol  method  by 
digesting  the  substance  for  at  least  twelve  hours  with  strong 
alcohol,  tiltering  off  and  washing  with  the  same  agent,  and  titrating 
the  solution  without  dilution  or  evaporation  with  yj^  acid  and 
phenolphthalein. 

Beilstein  and  Grosset  (Bull,  de  VAcademie  Imp.  des  Sciences 
de  St.  Petersburg y  xiii.  41)  have  examined  with  great  care  all  the 
proposed  methods  for  this  puri)Ose,  and  have  devised  one  which 
gives  very  good  technical  results. 

Process:  1  to  2  gm.  of  substance  is  dissolved  iu  5  c.c.  of  water,  5  c.c. 
of  a  cold  saturated  neutral  solution  of  ammonic  sulphate  added,  and  stirred 
for  a  quarter  of  an  hour.  50  c.c.  of  95  per  cent,  alcohol  are  then  added,  the 
mixture  throwu  on  a  small  filter,  aud  washed  with  50  c.c.  of  the  same 
alcohol.  The  filtrate  is  evaporated  on  the  water  bath,  the  residue  dissolved 
in  water,  and  titrated  with  y^  alkali  and  litmus.  The  whole  of  the  neutral 
aluminic  sulphate  is  precipitated  as  ammonia  alum,  the  alcohol  contains  all 
the  free  acid. 
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ANTiMomr. 

8b  =  120. 

1.  Conversion    of  Antimonious   Acid    in    Alkaline    Solution    into 

Antimonic  Acid  by  Iodine   (Mohr). 

§  4G.  Antimoxious  oxide,  or  any  of  its  compounds,  is  brought 
into  solution  as  tartriittj  by  tiirtaric  acid  and  water ;  th(5  excess  of 
acid  neutralized  by  sodic  carbonate ;  then  a  cold  saturated  solution 
of  sodic  bicarbonate  added,  in  the  i)roportion  of  10  (t.c.  to  about 
0*1  gni.  Sb-'O'*;  to  the  clear  solution  starch  is  added  and  ^^ 
iodine  until  the  blue  colour  occurs.  No  delay  must  occur  in  the 
titration  when  the  bicarbonate  is  added,  otherwise  a  portion  of  the 
metal  is  precipitated  as  antimonious  hydrate,  upon  which  the  iodinci 
has  little  effect.* 

'  For  the  estimation  of  antimonic  acid  and  its  salts,  G.  von  Knorro 
(Zeit  Aufjefc.  Chem.^  18S8,  155)  gives  lh(»>  following  method  as 
accurate  : — 

The  solutiou  of  the  salt,  stronjfly  acidified  with  hydrochloric  acid,  is  treated 
in  II  roomy  flask  with  strong  sohition  of  sodic  Hulphido,  added  jjradually  in 
siiiall  portions.  It  is  then  vigorously  boiled  until  all  SO*  is  cxpelle<l,  a  drop 
of  phenolphtholein  is  added,  then  caustic  potash  until  rod;  this  is  in  turn 
removed  by  a  small  excess  of  tart^iric  acid.  Sodic  bicarbonate  is  then  added, 
and  the  titration  with  iodine  carried  out  in  the  usual  way. 

The  colour  diAipi>ears  after  a  little  time,  therefore  the  first 
api)earance  of  a  permanent  blue  is  accepted  as  the  true  measure 
of  io«line  retpiired. 

1  c.c.  ^Q  iodine  -OOOGO  gm.  8b. 

Estimation  of  Antimony  in  presence  of  Tin  (Type  and  Britannia 
metal,  etc.). — The  finely  divided  alloy  is  dissolved  in  strong  hydro- 
■chloric  acid  by  heat,  adding  frecpiontly  small  quantities  of  potassic 
chlorate.  The  litjuid  is  boiled  to  remove  free  chlorine,  cooled, 
a  slight  excess  of  strong  solution  of  [)otassic  iodide  added,  and 
the  liberated  iodine  estimated  by  standard  thiosulphate.  Some 
oi)erators  prefer  Ui  collect  the  liberated  iodine  in  carbon  bisulphide 
previous  to  titration. 

120  Sb  liberate  253  I,  and  the  Aveight  of  I  found  multiplied 
by  0-475  =  Sb. 

If  iron  or  other  metal  capable  of  liberatuig  iodine  be  present, 
treat  the  alloy  with  nitiic  acid,  and  evajwrato  to  obtain  the  oxides 
<A  antimony  and  tin — wjish,  })oil  in  hydrochloric  acid,  and  proceed 
iis  before  described.  The  rationale  is,  that  antimonic  chloride  is 
reduced  to  antimonious  chloride,  while  stannic  chloride  is  not  affected. 

2.  Oxidation  by  Potaaaic  Bichromate  or  Permanganate  (Keseler). 
Bichromate  or  permanganate  added  to  a  solution  of  antimonious 

*Diinstau  and  Boole  (Pfcaniv.  Joi(r.»  Nor.,  1888)  have  provod  that  the  accurate 
estimation  of  the  antimony  in  tartar  emetic  may  be  secured  uy  this  method,  using  the 
precaatioiii  above  mentioned. 

L   2 
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chloride,  containing  not  less  than  }  of  its  volume  of  hydrochloric 
acid  (sp.  gr.  1*12),  converts  it  into  antimonic  chloride. 

The  reaction  is  uniform  only  when  the  minimum  quantity  of  acid 
indicated  above  is  present,  but  it  ought  not  to  exceed  J  the  volume, 
and  the  precautions  before  given  as  to  the  action  of  hydrochloric 
acid  on  permanganate  must  be  taken  into  account,  hence  it  is 
preferable  to  use  bichromate. 

Kessler  {Poggend.  AnncU,  cxviiL  17)  has  carefully  experimented 
upon  this  method  and  adopts  the  following  processes. 

A  standard  solution  of  arsenious  acid  is  prepared  containing 
5  gm.  of  the  pure  acid,  dissolved  by  the  aid  of  sodic  hydrate, 
neutralized  with  hydrochloric  acid,  100  c.c.  concentrated  hydro- 
chloric acid  added,  then  diluted  with  water  to  1  liter ;  each  c.c.  of 
this  solution  contains  0*005  gm.  As^O^,  and  represents  exactly 
0-007253  gm.  Sb'W. 

Solutions  of  potassic  bichromate  and  ferrous  sulphate  of  known 
strength  in  relation  to  each  other,  are  prepared  in  the  usual  way ; 
and  a  freshly  prepared  solution  of  potassic  ferricyanide  used  as 
indicator. 

The  relation  between  the  bichromate  and  arsenious  solutio^n  is 
found  by  measuring  10  c.c.  of  the  latter  into  a  beaker,  20  c.c. 
hydrochloric  acid  of  sp.  gr.  1*12,  and  from  80  to  100  c.c.  of  water 
(to  insure  uniformity  of  action  the  volume  of  yCl  must  never  be 
less  than  ^  or  more  than  ^)  ;  the  bichromate  solution  is  then  added 
in  excess,  the  mixture  allowed  to  react  for  a  few  minutes,  and  the' 
ferrous  solution  added  until  the  indicator  shows  the  blue  colour. 
To  find  the  exact  point  more  closely,  |  or  1  c.c.  bichromate  solution 
may  be  added,  and  again  iron,  until  the  precise  ending  is  obtained. 

Process :  The  material,  free  from  organic  matter,  organic  acids,  or  heavy 
metals,  is  dissolved  in  the  proper  proportion  of  HCl,  and  titrated  precisely 
as  just  described  for  the  arsenious  solution ;  the  strength  of  the  hichromalo 
solution  having  been  found  in  relation  to  As-O'  the  calculation  as  resjwcts 
Sb-0^  presents  no  difficulty.  Where  direct  titration  is  not  possible  the  same 
course  may  be  adopted  as  with  arsenic  (§  47) ;  namely  precipitation  with 
H-S  and  digestion  with  mercuric  chloride. 

In  the  case  of  using  permanganate  it  is  equally  necessary  to  have 
the  same  proportion  of  HCl  present  in  the  mixture,  and  the 
standard  solution  must  be  added  till  the  rose  colour  is  permanent. 
The  permanganate  may  be  safely  used  with  J  the  volume  of  HCl, 
with  the  addition  of  some  magnesic  sulphate,  and  as  the  double 
tartrate  of  antimony  and  potassium  can  readily  be  obtained  pure,, 
and  the  organic  acid  exercises  no  disturbing  effect  in  the  titration,, 
it  is  a  convenient  material  upon  which  to  standardize  the  solution. 

8.  Distillation  of  Antixnonious  or  Antimonic  Sulphide  with 
Hydrochlorlo  Acid,  and  Titration  of  the  evolved  Sulphoretted 
Hydroffen  (Schneider). 

When  either  of  the  sulphides  of  antimony  is  heated  with 
hydrochloric  acid  in  Bunsen's,  Fresenius',  or  Mohr's  distilling 
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apimratus  (§  39),  for  every  1  e<i.  of  antimony  present  as  sulphide, 
3  eq.  of  II-S  are  liberated.  If,  therefore,  the  latter  be  estimated, 
the  quantity  of  antimony  is  ascertained. 

Proce89 :  The  antimony  to  be  determined  is  broiijifht  into  the  form  of  tor- 
or  penta-sulphido  (if  precipitated  from  a  hydrochloric  solution,  tartaric  acid 
must  be  previously  abided  to  prevent  the  precipitate  beinj?  contaminated  with 
chloride),  which,  toj^ethcr  with  the  filter  containiuK  it,  is  put  into  the  distilling 
flask  with  a  tolerable  quantity  of  h\'drochloric  acid  not  too  concentrated. 
The  absorption  tube  contains  a  mixture  of  caustic  soda  or  potash,  with  a 
definite  quantity  of  /^  arsenious  acid  solution  insufiicient  excess  to  retain  all 
the  sulphuretted  hydrogen  evolved.  The  flask  is  then  heated  to  boiling,  and 
the  operation  continued  till  all  evolution  of  sulphuretted  hydrogen  has  ceased ; 
the  mixture  is  then  ])oured  into  a  beaker,  and  a<'idiiied  with  hydrochloric 
acid,  to  precipitate  all  the  arsenious  sulphide.  The  whole  is  then  diluted  to, 
say  300  c.c,  and  100  c.c.  taken  with  a  pipette,  neutralized  with  sodic 
carbonate,  some  bicarbonate  added,  and  the  titration  for  excess  of  arsenious 
acid  |>erfomied  with  ^^  iodine  and  starch,  is  directed  in  §  -40.  The  separa- 
tion of  antimony  may  generally  be  insured  by  precipitation  as  sulphide.  If 
ar>enic  is  precipitated  at  the  same  time,  it  may  be  removed  by  treatment 
with  amnionic  carbonate. 

ABSENIC. 

As  =  75.     As'-'0=J  =  1 98.     As-^O''  1=  230. 
1.    Oxidation  by  lodixie  (Uohr). 

§  47.  The  principle  niK)n  which  the  determination  of  arsenious 
acid  by  iodine  ia  based  is  explained  in  §  40. 

Experience  has  shown,  that  in  the  estimation  of  arscuiious 
comi)onnds  by  the  method  there  describe<l,  it  is  necessary  to  use 
sodic  bicarbonate  for  rendering  the  solution  alkaline  as  in  the  case 
of  antimony. 

Procens:  To  a  neutnd  aque<nis  solution,  add  about  20  c.c.  of  saturated 
solution  of  sodic  bicarlxonato  to  every  01  gm.  or  so  of  A'»-0\  and  then  titrate 
with  tV  iodine  and  starch.  "When  the  solution  is  acid,  the  excess  may  bo 
removed  by  neutral  sodic  carbonate,  then  the  necessary  ciuantit}'  of  bicar- 
bonate added,  and  the  titration  completed  as  before. 

Prore^Mfor  Ar»eniv  Acid:  This  is  l)est  done  by  dissolving  the  acid  in  water, 
and  boiling  with  potassic  iodide  in  the  presence  of  hydnx'liloric  acid  in  large 
excess  until  all  iodine  vajMjurs  are  dissipated.  The  AsIlO"*  is  completely 
reduced  to  AsIIO^.  The  liquid  is  then  cooled,  sodic  carbonate  added  to 
neutrality,  then  some  bicarbonate,  and  the  arsenious  acid  titrated  with 
ioiline  in  the  usual  way.  Younger  (J.  S.  C.  I.  ix.  158)  has  verified  this 
method  and  pn)ved  that  the  reduction  is  complete :  he  also  stjitos  that  when 
the  boiled  solution  cools,  the  liberation  of  a  slight  amount  of  iodine  occurs, 
which  may  be  prevented  by  using  a  few  c.c.  of  glycerine.  Of  courso  the 
arsenic  acid  must  contain  no  nitric  acid,  nitrates,  or  similar  interfering 
bodies. 

1  C.C.  ^^0  iodine  =  0-00495  gm.  As^O',  or  0-00575  gm.  As2()'\ 

Arsenic  in  Copper,  Iron,  Pyrites,  etc. — The  method  generally 
adopted  is  the  distillation  of  the  arsenic  obtained  as  sulphide, 
with  ferric  chloride,  and  titration  of  the  distillate  with  iodine  as 
above  described,  but  F.  Flatten  (J,  S,  C,  L  xvii.  324)  has  made 
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use  of  the  discovery,  that  if  As-8^  is  simply  boiled  with  pure 
water  for  a  period  of  from  1  to  3  hours  or  until  the  liquid  is 
quite  colourless  and  all  H^S  dissipated,  the  whole  of  the  arsenic 
will  exist  as  As-O',  and  may  be  titrated  with  y^^  iodine  direct. 
The  results  obtained  by  this  method  are  as  exact  as  any  other,  and 
saves  an  immense  amount  of  work. 

Titration  of  Alkaline  Arseniates. — In  a  previous  edition  of  this 
book  it  was  recommended,  on  the  authority  of  Barnes,  to  estimate 
the  arsenic  acid  in  commercial  arseniates  of  soda,  etc.,  by  reduction 
with  sulphurous  acid  (passing  the  gas  through  the  liquid),  boiling 
off  the  excess  of  SO-,  neutralizing  with  sodic  bicarbonate,  and 
titrating  with  iodine  as  described  above.  This  method  has  not 
given  me  satisfactory  results.  The  mere  passing  the  gaseous  80- 
through  the  liquid  does  not,  in  all  cases,  insure  the  complete 
reduction  to  arsenious  acid. 

Holthof  (Z.  a.  a  xxii.  378)  and  McKay  (C.  iY.  liii.  221—243) 
have  experimented  largely  on  this  method  of  estimating  arsenic, 
which  was  really  originally  suggested  by  Mohr,  but  never  widely 
adopted,  owing  to  the  defect  already  mentioned.  Holthof  proved 
that  various  forms  of  arsenic,  on  being  converted  into  arsenic  acid, 
would  bear  evaporation  to  dryness  Avith  IICl  without  loss,  and  that 
arsenic  sulphide  could  be  oxidized  by  strong  nitric  acid,  or  Avith 
HCl  and  KCIO'^  to  arsenic  acid,  and  reduced  to  the  lower  state  of 
oxidation  by  (copious  treatment  with  80'-^,  the  method  being  to  add 
300  or  400  c.c.  of  strong  sohition  of  80'-,  digest  on  the  Avatcrbath 
for  two  hours,  then  boil  down  to  one-half,  and  Avhen  cool  add 
sodic  bicarbonate,  and  titrate  with  iodine  and  starch. 

McKay  shortens  the  method  considerably  by  placing  the 
mixture  in  a  well-stoppered  bottle,  tying  down  tlie  stoi»per,  and 
digesting  in  boiling  water  for  one  hour.  At  the  end  of  that  time 
the  bottle  is  removed  and  allowed  to  cool  somewhat,  then  emptietl 
into  a  boiling  llask,  diluted  with  about  double  its  volume  of  water, 
and  boiled  down  by  helj)  of  a  platinum  sj)iral  to  one-half.  The 
liquid  is  cooled,  diluted,  and  either  the  whole  or  an  aliquot  i)ortion 
titrated  in  the  usual  wav. 

For  quantities  of  material  representing  about  0*1  gm.  As,  30  c.c. 
of  saturated  solution  of  80-  will  suffice,  and  the  reduction  may 
therefore  be  made  in  a  bottle  holding  50  or  60  c.c.  (fig.  39).  The 
results  are  verv  satisfactory.  In  the  case  of  titrating?  commercial 
alkaline  arseniates,  which  often  contain  small  quantities  of 
arsenious  acid,  this  must  be  estimated  first,  and  the  amount 
deducted  from  the  total  obtained  after  reduction. 

2.    Oxidatioa  by  Fotassic  Bichromate   (Kesslor). 

This  method  is  exactly  the  Kune  as  is  fully  described  in  §  46  for  autiinony. 

The  arsenious  compound  is  mixed  with  fV  bichromate  in  excess  in  presence 
of  hydrochloric  acid  and  water,  in  such  proportion  that  at  least  ^  of  the  total 
volume  consists  of  hydrochloric  acid  (sp.  gr.  1*12). 
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The  excess  of  bichromate  is  found  by  a  standard  aohition  of  pure  iron,  or 
of  doable  iron  salt,  with  potassic  forricyanide  as  indicator ;  the  quantity  of 
bichromate  reduce<l  is,  of  course,  the  measure  of  the  quantity  of  arsenious 
converted  into  arsenic  acid. 

1  c.c.  jff  bichromate  =  0-00495  gm.  As^CR 

In  cases  where  the  direct  titration  of  the  hydrochloric  acid  solution  cannot 
be  accomplished,  the  ar<<eniou8  acid  is  i)recii>itated  with  H^S  (with  arsenates 
at  TO'C),  the  precipitate  well  washed,  the  filter  and  the  i)recipitate  placed  in 
a  stoppered  flask,  toj^ether  with  a  saturated  solution  of  mercuric  chloride  in 
hydrochloric  acid  of  112  sp.  gr..  and  digested  at  a  pontic  heat  until  the 
precipitate  is  white,  then  water  added  in  such  proportion  that  not  less  than  I 
of  the  volume  of  liciuid  consists  of  concent rate<l  HCl ;  i"^  bichromate  is  then 
added,  and  the  titration  with  standard  ferrous  solution  completed  as  usual. 

3.    Indirect  Estimation  by   Diatillinff  with  Ohromio  and 
Hydrochloric   Acids   (Bun  a  en). 

The  princriplo  of  this  very  exiu't  method  depends  uj)on  the  fact, 
that  when  potassic  bichromate  is  boiletl  with  concentrated  hydro- 
chloric acid,  chlorine  is  liberated  in  tlie  proportion  of  3  oai,  to  1  c(\, 
chromic  acid. 

If,  however,  arsonious  acitl  is  i)r(»sent,  but  not  in  excess,  the 
cldorine  evolved  is  not  in  the  proportion  mentioned  above,  but  so 
mucli  less  as  is  necessarv  to  convert  the  arsenious  into  arsenic  acid. 

As-^O^^  4-  4C1 4-  211-^0  =  As-'CP  +  4IIC1. 

Therefore  every  4  ecp  of  chlorine,  short  of  tlie  (juantity  yielded 
when  bichromate  and  hydr(>c]doricacid  are  distilled  alone,  represent 
1  (M^.  arsenious  Jicid.  The  ojjeration  is  conducted  in  the  apparatus 
fig.  37  or  3S. 

4.    By  Precipitation  as   Uranic  Arsenate   (Bbdekor). 

The  arsenic  must  exist  in  the  st'ite  of  arsenic  acid  (As-O*),  and  the  procos*« 
is  in  all  resjKicts  the  same  as  for  the  estimation  of  phosphoric  acid,  devised 
by  Neu  bauer,  Pincus,  and  myself  (§  72).  ThestreuKth  of  the  uranium 
solution  may  be  :iscertained  and  fixtnl  by  pure  mmUc  or  potassic  arsenate,  or 
by  means  of  a  wciKbed  quantity  of  pure  arsenious  acid  convcrtwl  into  arsenic 
acid  by  evaiK)ration  with  stron^Miitric  acid,  and  neutndizin^  with  alkali,  then 
dissolv(»<l  in  acetic  acid.  The  method  of  testing?  is  precisely  the  same  as  with 
phosphoric  aci<l ;  the  solution  of  uninium  should  be  titrated  uj>on  a  >ieiirhed 
amount  of  arseniral  com))ound,  bearing  in  mind  here,  as  in  the  c^ise  of  P*(>^, 
that  tlie  titration  must  take  place  under  precisely  similar  conditions  as  to 
quantity  of  licpiid,  the  amount  of  so<lic  acetate  and  acetic  acid  added,  and 
the  depth  of  colour  obtaine<l  by  contact  of  the  fluid  under  titration  with  the 
yellow  prussiate  solution. 

Boam  {C.  N.  Ixi.  219),  who  has  had  large  experience  in  the 
examination  of  arsenical  ores,  recommends  this  metluKl  as  being 
raj>id  and  accurate*,  and  carries  it  out  as  follows  :--- 

1  to  I'o  >cra.  of  dried  and  powdered  ore  is  boile<l  to  dryness  with  20-  25 
c.c.  of  stronj<  nitric  acid ;  when  cool  about  80  <\<\  of  HO  "  „  caustic  soda 
solution  is  added  and  boiled  for  a  few  minutes ;  then  diluted,  filtered  and 
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made  up  to  250  c.c.  25  c.c.  of  the  liquid  are  acidified  with  a  solution 
containing  10  per  cent,  of  sodic  acetate  in  50  per  cent,  acetic  acid,  and 
heated  to  near  boiling,  then  titrated  with  the  standard  uranium  as  usual.  For 
this  latter,  the  same  authority  recommends  what  he  terms  a  fourth  normal 
solution  of  uranium,  containing  171  gm.  uranic  acetate,  and  15  c.c.  glacial 
acetic  acid  made  up  to  2  liters  with  water,  1  c.c.  being  equal  to  1*25  m.gm. 
As.  But  if  the  method  has  to  be  considered  accurate,  this  suggestion  can 
scarcely  be  adopted,  since  the  uranic  acetate  of  commerce  is  of  indefinite 
hydration;  and  moreover,  to  insure  exactitude,  it  is  necessary  that  the 
titration  should  be  carried  out  with  the  same  proportions  of  ssilino  matters, 
acetic  acid,  etc.,  as  existed  in  originally'  standardizing  the  uranium.  I  there- 
fore unhesitatingly  recommend  that  the  uranium  should  be  standardized 
with  a  known  weight  of  pure  arsenic  or  arsenate  in  the  presence  of  the  same 
proportions  of  sodic  hydrate  and  acetate,  a'^etic  acid,  etc.,  as  will  actually 
be  used  in  the  anal3\sis  of  an  ore.  The  method  may  be  used  for  all  ores 
which  can  be  attacked  by  nitric  acid.  It  is  also  available  for  iron  pyrites 
containing  tolerable  quantities  of  arsenic ;  the  ferric  arsenate  being  readily 
decom}K)!5ed  by  excess  of  NaHO,  thus  allowing  the  ferric  hydrate  to  be 
filtered  off  free  from  As. 

The  solution  of  arsenic  acid  must  of  course  be  free  from 
metals  liable  to  give  a  colour  with  the  indicator  and  from 
phosphates.  Alkalies,  alkaline  earths,  and  zinc  are  of  no  con- 
se(|uence,  but  it  is  advisable  to  add  nearly  the  required  volume  of 
uranium  to  the  liquid  before  heating.  The  arsenic  acid  must  be 
separated  from  all  bases  which  would  yield  compounds  insoluble 
in  weak  acetic  acid. 

The  AsH^  evolved  from  Marsh's  apparatus  may  be  passed  into 
fuming  HNO^,  evaporated  to  dryness,  the  arsenic  acid  dissolved  in 
water  (antimony  if  present  is  insoluble),  then  titrated  cautiously 
with  uranium  in  presence  of  free  acetic  acid  and  sodic  acetate  as 
above  described. 

6.    By  Standard  Silver  as  Arsenate. 

The  principle  of  this  method  has  been  adopted  by  Pearce 
of  the  Colorado  Smelting  Company,  and  also  by  McCay  {C.  N, 
xlviii.  7).  The  authors,  however,  differ  in  the  details  of  the 
process.  The  former  prefers  to  separate  the  arsenic  as  silver 
arsenate,  and,  estimating  the  silver  so  combined,  thence  calculate 
the  arsenic.  The  latter  uses  a  known  excess  of  standard  silver, 
and  estimates  the  combined  silver  residually. 

F  e  a  r  c  e '  8  Process. — The  finely-powdered  substance  for  analysis  is  mixed 
in  a  large  porcelain  crucible  with  from  six  to  ten  times  its  weight  of 
a  mixture  of  equal  parts  of  sodic  carbonate  and  potassic  nitrate.  The  mass 
is  then  heated  with  a  gradually  increasing  temperature  to  fusion  for  a  few 
minutes,  allowed  to  cool,  and  the  soluble  portion  extracted  by  warming  with 
water  in  the  crucible,  and  filtering  from  the  insoluble  residue.  The  arsenic 
is  in  the  filtrate  as  alkaline  arsenate.  The  solution  is  acidified  with  nitric 
acid  and  boiled  to  expel  CO-  and  nitrous  fumes.  It  is  then  cooled  to  the 
ordinary  temperature,  and  almost  exactly  neutralized  as  follows :— Place 
a  small  piece  of  litmus  paper  in  the  liquid :  it  should  show  an  acid  reaction. 
Now  gradually  add  strong  ammonia  till  the  litmus  turns  blue,  avoiding 
a  great  excess.    Again  make  slightly  acid  with  a  drop  or  two  of  strong  nitric 
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acid ;  and  then,  b}'  means  of  very  dilute  ammonia  and  nitric  acid,  added  drop 
by  drop,  brinj^  the  sohition  to  nuch  a  condition  that  the  litmus  paper,  after 
havinfi:  previously  been  reddened,  will,  in  the  course  of  half  a  minute, 
begin  to  show  sipns  of  alkalinity.  The  litmiu«  paper  may  now  be  removed 
and  washed,  and  the  solution,  if  tolerably  clear,  is  ready  for  the  addition  of 
silver  nitrate.  If  the  neutralization  has  (mused  much  of  a  precipitate 
(alumina,  etc.),  it  is  best  to  filter  it  off  at  once,  to  render  the  subsequent 
filtration  and  wa*«hing  of  the  arsenate  of  silver  easier. 

A  solution  of  silver  nitrate  (neutral)  is  now  added  in  slij^ht  excess;  and 
after  stirrinjj  a  moment,  to  partially  con^ilate  the  precipitated  arsenate, 
which  is  of  a  brick-red  colour,  the  liquid  is  filtered,  and  the  i»rccipitate 
washed  with  cold  water.  The  filtrate  is  then  tested  with  silver  and  dilute 
ammonia,  to  see  that  the  precipitation  is  complete. 

The  object  is  now  to  determine  the  amount  of  silver  in  the  precipitate, 
and  from  this  to  calculate  the  arsenic.  The  arsenate  of  silver  is  dissolved  on 
the  filter  with  dilute  nitric  acid  (which  leaves  undissolved  any  chloride 
of  silver),  and  the  filtrate  titrated,  after  the  addition  of  ferric  sulphate,  with 
ammonic  thiocyanato  (§  4S). 

From  the  fonnula  SAgSCAs^O"',  648  parts  Ag=150  parts  As, 
or  Ag:  As^l08:  25. 

MoCay*8  ProceBs. — The  preliminary  fusion  is  the  same  as  in  the 
former  metho<l,  hut  afU^r  acidulating  with  nitric  acid  and  boiling 
off  CO-,  the  lic^uid  is  evaporated  to  dryness  and  heatetl  till  no  more 
acid  fumes  are  given  off.  The  residue  is  tiiken  up  with  watcif, 
filtered,  matle  up  to  a  definite  volume,  and  tlie  arsenic  determined 
in  the  following  manner  :  — 

The  solution  of  arsenic  acid  or  arsenate  is  heated  to  boilinj?,  and  excess  of 
standard  silver  nitrate  nni  in ;  the  liquid  is  then  stirred  briskly  until  the 
precipitate  begins  to  settle  and  the  licjuid  becomes  clear,  when  the  beaker  is 
to  be  removed  from  the  flame  and  left  to  cool  to  about  37  '.  Dilute  anmionia 
is  now  cKrefull}'  added  until  a  cloudiness  ceases  to  form.  The  solution 
should  be  well  stirred  before  each  successive  addition,  so  as  to  obtain  a  clear 
liquid  in  onler  to  observe  the  cloud  formation  more  distinctly.  The  silver 
arsenate  is  finally  filtered  off"  and  well  washed ;  the  filtrate  is  acidulated  with 
nitric  acid ;  ferric  sulphate  added ;  and  the  silver  titrated  with  amnionic 
thiocyanate  (§  43).  The  amount  of  silver  thus  found  deducted  from  the 
quantity  taken  j^ives  the  amount  combined  with  the  arsenic ;  and  from  this 
datum  the  quantity  of  arsenic  present  is  calculated. 

Of  these  two  metliods  the  preference  must  bo  given  to  the  first 
on  the  score  of  accuracy,  there  being  less  probability  of  error  from 
contiiminating  substances;  both,  liowever,  are  available  for  technical 
pur{)ose8. 

Owing  to  the  large  amount  of  arsenate  of  silver  formed  from 
a  small  quantity  of  arsenic  (nearly  six  times  by  Aveight),  it  is 
not  at  all  necessary  or  even  desirable  to  work  with  large  amounts 
of  substance.  0*5  gm.  is  usually  sufficient  for  the  determination  of 
the  smallest  quantity  of  arsenic ;  and  where  the  percentiige  is  high, 
as  little  as  0*1  gm.  may  be  taken  with  advantage.  The  method 
has  been  used  with  very  satisfactory  results  on  the  sulphide  of 
arsenic  obtained  in  tlie  ordinary  course  of  analysis. 

Substances  &uch  as  molybdic  and  phosphoric  acids,  which  may 
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behave  similarly  to  arsenic  under  this  treatment,  interfere,  of  course, 
Avith  the  method.  Antimony,  by  forming  antimoniate  of  sodium, 
remains  practically  insoluble  and  without  effect. 

The  method  has  been  used  by  McCay  for  the  estimation  of 
arsenic  in  the  presence  of  alkaline  earths,  as  occurring  in  some 
minerals,  with  success. 

BABITJM. 

Ba  =  136-8. 

§  48.  In  a  great  number  of  instances  the  estimation  of  barium 
is  simply  the  converse  of  the  process  for  sulphuric  acid  (§  76), 
using  either  a  standard  solution  of  sulphuric  acid  or  a  neutral 
sulphate  in  a  known  excess,  and  finding  the  amount  by  residual 
titration. 

When  barium  can  be  separated  as  carbonate,  the  estimation 
is  made  as  in  §  18.2. 

Precipitation  as  Baric  Chromate. — A  decinormal  solution  of 
bichromate  for  precipitation  purposes  must  differ  from  that  used 
for  oxidation  purposes.  In  the  present  c^ase  the  solution  is  made 
by  dissolving  7 '37  gm.  of  pure  potassic  bichromate  in  Avater,  and 
diluting  to  1  liter. 

Tlie  barium  compound,  which  may  contain  alkalies,  maj^jnesia,  strontia, 
and  lime,  is  dissolved  in  a  good  quantity  of  water,  ammonia  free  from 
carbonate  added,  heated  to  G0°  or  70"  C,  and  the  standard  bichromate  added 
cautiousl}',  with  shaking,  so  long  as  tlie  yellow  precipitate  of  baric  chromat-e 
is  formed,  an<l  until  the  clear  supernatant  liquid  possesses  a  faint  yellow 
colour.     1  c.c.  i\  solution  =  0*00684  gm.  Ba. 

Titration  of  the  Precipitate  with  Permangranate. — In  this  case  the 
precipitate  of  baric  chromate  is  well  washed,  transferred  to  a  fla.sk,  and  mixed 
with  an  excess  of  double  iron  salt;  the  amount  of  iron  oxidized  by  the 
chromic  acid  is  then  estimated  by  titration  with  permanganate ;  the  quantity 
of  iron  changed  to  the  ferric  state  multiplied  by  the  factor  0*8187  =  Ba. 

BISMUTH. 

Bi  =  208. 

§  49.  The  estimation  of  this  metal  or  its  compounds  voluraet- 
rically  has  occupied  the  attention  of  Pattinson  Muir,  to  whom 
we  are  indebted  for  several  methods  of  gaining  this  end.  Two  of 
the  best  are  given  here,  namely,  (1)  i)recipitation  of  the  metal  as 
basic  oxalate,  and  titration  Avith  permanganate  ;  (2)  precipitation 
as  phosphate  with  excess  of  standard  sodic  phosphate,  and  titration 
of  that  excess  bv  standard  uranic  acetate. 

1.    Titration  as  Oxalate. 

Nprmal  bismuth  oxalate,  produced  by  adding  excess  of  oxalic 
acid  to  a  nitric  solution  of  the  metal  when  separated  by  filtration. 
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and  boilcil  Avitli  successive  quantities  of  water  for  three  or  four 
times,  is  transformed  into  basic  oxalate.  The  mcthoil  of  titration 
is  as  follows  : — 

The  aolulion  containin;^  bismuth  inu''t  bo  free  from  In'drochloric  acid,  as 
the  basic  oxalate  is  readily  soluble  iu  thit  acid.  A  lar^  excess  of  nitric 
acid  must  al««o  bo  avoided.  Oxalic  arid  must  be  mldod  in  considerable 
excess.  If  the  precipitate  \xi  thoroughly  shaken  up  with  the  liquid,  and  the 
vessel  be  then  sot  aside,  the  precipitate  (piic^kly  8i»ttlc«,  and  the  sui>eriiatant 
liquid  may  be  poured  oflf  throuj^'h  a  tilter  in  a  very  short  time.  If  the 
precipitate  be  l)oil(Ml  for  five  or  ten  minutes  with  suc<*essive  <{uantitie8  of 
about  50  c.c.  of  water,  it  is  quickly  transformed  into  the  basic  i^alt.  So  soon 
as  the  su])ernatant  liquid  ccjuhm  to  show  an  acid  reaction,  the  transformation 
is  complete.  It  Ls  well  to  employ  a  solution  of  |>enuan^nate  so  dilute,  that 
at  least  50  c.c.  are  re(piired  for  the  titration  (g'o  stren^h  sufUces).  The  basic 
oxalate  may  be  dissolved  in  dilute  sulphuric  acid  in  place  of  hj<lro<'hloric ; 
it  is  more  soluble,  however,  in  the  latter  acid.  If  the  solution  contains  but 
little  hydr(K'hloric  acid,  there  is  no  dan^'er  of  chlorine  bein^^  ev(dve<l  durinjj: 
the  process  of  titnition. 

In  applying  this  pHwess  to  the  estimation  of  bismuth  in  a  solution 
cont:iinin^  (»tiier  metals,  it  is  nc(!essary,  if  the  solution  contain  substances 
ca)»able  of  acting  ujjon,  or  of  bein^c  a«»tc<l  on  by  iiermau^nmate,  to  sepanite 
the  bisnuith  from  the  otiier  motils  present.  This  is  easily  done  bv 
pre<'ipitatini;  in  a  iwrtially  neutnilizcd  solution  with  nuich  warm  water  an<l 
a  little  ammonic  chloride.  The  precipiUite  must  l)e  dissolved  in  nitric  acid, 
and  the  li(iuid  boiled  down  (»nce  or  twice  with  addition  of  the  s:une  acid  in 
ortlor  to  expel  all  hy<ln)chloric  af?id,  before  i)re(npitatin>?  as  oxalate.  The 
liquid  should  contain  just  sulUciont  nitric  acid  to  prevent  precipitation  of 
t  lie  bsusic  nitrite  befon?  oxalic  acid  is  ad<led.  1  mole<nile  oxalic  acid  corresponds 
to  1  atom  bisnnith,  or  12(5      208. 

A  shorter  metlunl,  l)a.s(Ml  on  the  same  nuvctions,  has  heen  Jirranged 
hy  Muir  and  Rohbs  (J.  C.  S.  I.  xli.  1).  In  this  case,  however, 
the  double  oxalate  oi  [)otassiuni  and  bismuth  is  the  compoun<l 
obtiiined,  the  excess  of  oxalate  of  iK)t{V.sh  being  <letermined 
resi<lually.  Reis  (Ih'rirliit*,  xiv.  1172)  Ims  shown  that  when 
normal  jjot-assic  oxalate  is  added  to  a  solution  of  bi.smuth  nearly 
free  from  mineral  acid,  but  containing  acetic  aci<l,  a  thnible  salt  of 
the  formula  Hi-  (C-O'*)'^  K'-C-(.H  is  precipitatiMl.  In  applying  this 
proc(»ss  for  the  estimation  of  bismuth  in  mixtures,  it  is  necessary 
to  se|)arat<*  the  m(»tal  as  oxycldoride,  ami  that  it  shouM  be  obtained 
in  solution  as  nitrate  with  a  small  excess  of  nitric  acid.  This  is 
done  by  evaporating  off  tln^  greater  part  of  tin*  free  acid,  alloAving 
just  sullicient  to  remain  that  the  bismuth  may  remain  in  solution 
while*  hot.  A  larg<»  excess  of  acetic  acid  is  then  added,  it  is  mad(» 
u[»  to  a  definite  measure,  and  an  aliquot  portion  taken  iov  titration. 

The  solution  of  normal  potassic  oxalate  stiindardized  )»y  perman- 
g;uiat<»  must  not  be  added  in  great  excess.  It  is  well,  therefore, 
to  deliver  it  into  the  bismuth  liipiid  from  a  burette  until  the 
preci[)itation  is  ap[>an»ntly  <'omplete,  then  add  a  few  extra  c.c.,  and 
allow  to  r(?main  for  sonu;  time  with  shaking.  It  is  then  filtered 
through  a  dry  filter,  a  meas\u'e<l  portion  tiiken,  and  th<;  residual 
oxalic  acid  found  by  permanganate. 


156  VOLUMETRIC  ANALYSIS.  §    50. 

2.    Precipitation  as  Phospliate. 

The  necessary  standard  solutions  are — 

(a)  Standard  sodic  phosphate  containing  35*8  gm.  per  liter. 
1  c.c.  =  00071  gm.  P20\ 

(b)  Standard  uranic  acetate,  corresponding  volume  for  volume 
with  the  above,  wlien  titrated  with  an  approximately  equal  amount 
of  sodic  acetate  and  free  acetic  acid. 

Success  depends  very  much  upon  identity  of  conditions,  as  is 
explained  in  §  72. 

The  bismuth  to  bo  eatimated  must  be  dissolved  in  nitric  acid ;  bases  other 
than  the  alkalies  and  alkaline  earths  must  be  absent.  The  absence  of  those 
acids  which  interfere  with  the  determination  of  phosphoric  acid  by  the 
uranium  process  (non- volatile,  and  reducing  organic  acids,  sulphuretted 
hydrogen,  hydriodic  acid,  etc.)  must  be  assured.  As  bismuth  is  readily 
separatsd  from  other  metals,  with  the  exception  of  antimony  and  tin,  by 
addition  of  much  warm  water  and  a  little  amnionic  chloride  to  feebly  acid 
solutions,  a  separation  of  the  bismuth  from  those  other  metals  which  are 
present  should  precede  the  process  of  estimation.  If  alkalies  or  alkaline 
earths  be  alone  present,  the  separation  may  be  dispensed  with.  The  pre- 
cipitated bismuth  salt  is  to  be  washed,  dissolved  in  a  little  strong  nitric  acid, 
and  the  solution  boiled  down  twice  with  addition  of  a  little  more  nitric  acid, 
in  order  to  remove  the  whole  of  the  hj'drochloric  acid  present. 

Such  a  quantity  of  a  tolerably  concentrated  solution  of  sodic  acetate  is 
added  as  shall  insure  the  neutralization  of  the  nitric  acid,  and  therefore  the 
presence  in  the  liquid  of  free  acetic  acid.  If  a  precipitate  form,  a  further 
addition  of  sodic  acetate  must  be  made.  The  liquid  is  heated  to  boiling ; 
a  measured  volume  of  the  sodic  phosphate  solution  is  run  in ;  the  boiling 
is  continued  for  a  few  minutes;  the  liquid  is  passed  through  a  ribbed  filter, 
the  precipitate  being  washed  repeatedly  with  hot  water ;  and  the  excess  of 
phosphoric  acid  is  determined  in  the  filtrate  by  titration  with  uranium. 
If  the  filtered  liquid  be  received  in  a  measuring  flask,  which  is  subsequently 
filled  to  the  mark  with  water,  and  if  the  inverted  uranium  method  be  then 
employed,  the  results  are  exceedingly  accurate.  This  method  is  especially  to 
be  recommended  in  the  estimation  of  somewhat  large  quantities  of  bismuth, 
since  it  is  possible  that  in  such  cases  a  large  amount  of  sodic  acetate  will 
have  been  used,  which,  as  is  well  known,  has  a  considerable  disturbing  effect 
on  the  reaction  of  the  indicator. 

If  the  bismuth  solution  contain  a  large  excess  of  nitric  aoid,  it  is  better  to 
neutralize  nearly  with  sodic  carbonate  before  adding  sodic  acetate  and  titrating. 

Fuller  details  of  both  the  above  processes  are  contained  in  /.  C.  S, 
1877  (p.  674)  and  1878  (p.  70). 


BBOMINE. 

Br  =  80. 

§  50.  This  clement,  or  its  unoxidized  compounds,  can  be 
estimated  precisely  in  the  same  way  as  chlorine  by  y^r  silver  solution 
(§  42),  or  alkalimetrically  as  in  §  32,  or  by  thiocyanate  (§  43), 
but  tliese  methods  are  seldom  of  any  avail,  since  the  absence  of 
chlorine  or  its  combinations  is  a  necessary  condition  of  accuracy. 

Bromine  in  aqueous  solution,  or  as  gas,  may  be   estimated  by 
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absorption  with  solution  of  potassic  iodide,  in  many  crises  hy  mere 
digestion,  and  in  other  cases  by  distillation,  in  any  of  the  forms  of 
apparatus  given  in  §  39,  and  the  o[)cnition  is  carried  out  ])reci8ely 
as  for  chlorine  (§  54).     1  eq.  1  =  1  eq.  Br.  or  I  found  x  0*6.3  =  Br. 

A  process  for  the  estimation  of  bromine  in  presence  of  chlorine 
is  still  much  wanted  in  the  case  of  examining  kelp  li([uors,  etc. 
Heine  {Joum,  f.  pracf,  Chem,  xxxvi.  184)  uses  a  colour  method 
in  which  the  bromine  is  liberated  by  free  chlorine,  absorbed  by 
ether,  and  the  colour  compared  with  an  ethereal  solution  of  bromine 
of  known  strength.  Fell  ling  states  that  with  care  the  process 
gives  fairly  accurate  results.  It  is  of  course  necessary  to  have  an 
approximate  knowledge  of  the  amount  of  bromine  present  in  any 
given  solution. 

Reimann  {Anna!,  d.  Clmn,  u.  PJiann,  ex  v.  140)  adopts  the 
following  method,  which  gives  tolerably  accurate  results,  but 
requires  skill  and  [)ractice. 

The  neutral  bromine  solution  is  placed  in  a  stoppertnl  vessel, 
together  with  a  globule  of  chloroform  about  the  size  of  a  hazel  nut. 
Chlorine  water  of  known  strength  is  then  added  cautiously  from 
a  burette,  protected  from  bright  light,  in  such  a  way  as  to  insure 
first  the  liberation  of  the  bromine,  which  colours  the  chloroform 
orange  yellow ;  then  more  clilorine  water,  until  the  yellowish  white 
colour  of  chloride  of  bromine  occurs  (KBr  +  2C1  =  KCl  +  BrCl). 

The  operation  may  be  assisted  by  making  a  weak  solution  of 
potissic  chromate,  of  the  same  colour  as  a  solution  of  chloride  of 
bromine  in  chloroform,  to  serve  as  a  standanl  of  comjmrison. 

The  strength  of  the  chlorine  water  is  ascertained  by  potassic 
iodide  and  ^jj  thiosulphate.     2  eq.  Cl.=l  eq.  Br. 

In  examining  mother-li([uors  containing  organic  matter,  they 
must  l>e  evaporated  to  dryness  in  presence  of  free  alkali,  ignited, 
extracted  with  water;  then  neutralized  with  hydrochloric  acid 
before  titrating  as  above. 

Cavazzi  (Gazz,  Chim.  Itcd,  xiii.  174)  gives  a  method  which 
answers  well  for  estimating  bromine  in  small  quantity,  when  mixed 
with  large  proportions  of  alkaline  chlorides.  It  is  bas(Ml  on  the 
fact  that,  when  such  a  mixture  is  heated  to  100**  C.  with  baric 
peroxide  and  sulphuric  acid,  the  whole  of  the  bromine  is  liberated 
with  a  mere  trace  of  chlorine ;  the  bromine  so  evolved  is  absorbed 
in  any  convenient  apparatus,  such  as  fig.  37.  The  distillation 
is  made  in  a  350  c.c.  flask  with  double-bored  stoi)per ;  one  bore 
contains  an  open  tube  reaching  to  the  bottom  of  the  flask,  the 
other  carries  the  delivery  tube  which  is  connected  with  the  (J  tubes. 
The  first  (J  tube  is  empty;  the  second  contains  20  c.c.  of 
a  standard  solution  of  arsenious  acid  in  hydrochloric  acid,  con- 
taining 0*005  gm.  As-0^  in  each  c.c,  and  is  connected  with  an 
aspirator.  The  apparatus  is  arranged  so  that  the  flask  and  empty 
(J  tube  are  immersed  in  boiling  water,  the  vapours  of  H^QS  arc 
thus  decomposed,  and  the  stream  regulated  by  the  aspirator. 
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The  requisites  used  by  the  author  are — 

Earic  peroxide,  containing  63  %  BaO'-^. 

Dilute  sulphuric  acid  1   :  2. 

Arsenious  acid  dissolved  in  dilute  hydrochloric  acid,  5  gm.  of 
pure  As^O^  per  liter. 

Standard  permanganate,  3 '55  gm.  per  liter. 

It  was  found  that  the  relative  strengths  of  the  arsenic  and 
permanganate  solutions,  when  titrated  together,  diluted,  and  boiling, 
were,  18*2  c.c.  of  the  latter  to  20  c.c.  of  the  former.  Therefore 
1  c.c.  of  permanganate  by  calculation  =  0 '00888  gm.  Br. 

The  author  found  that  treating  2  gm.  of  KCl  in  the  apparatus, 
without  bromine,  always  gave  a  faint  trace  of  CI,  so  that  only 
18  c.c.  of  permanganate  were  required  for  the  20  c.c.  of  arsenic, 
instead  of  18*2  c.c. ;  and  this  he  regards  as  a  constant  for  that 
<[uantity  of  material.  The  examples  of  analysis  with  from 
005  to  0*2  gm.  KBr,  and  all  with  the  correction  of  0*2  c.c,  are 
satisfactory. 

Xornian  McCulloch  {C.  N.  Ix.  259)  has  described  a  method, 
devised  by  himself,  for  the  rapid  and  accurate  estimation  of  bromine, 
in  presence  of  iodine  or  chlorine,  in  any  of  the  ordinary  commercial 
forms  or  chemical  combinations,  free  from  oxidizing  and  reducing 
agents  and  metals  forming  bromides,  insoluble  in  hydrochloric 
acid.  The  author's  explanation  of  the  principles  upon  which 
the  method  is  based  is  complicated  and  voluminous,  for  which  the 
reader  is  referred  to  the  original  article.  I  have  not  been  able  to 
verify  the  method,  but  as  the  author  is  known  to  have  practical 
experience,  as  well  as  theoretical  knowledge,  a  short  summary  is 
given  here. 

The  requisites  described  by  the  author  are — 

Standard  ])ermanganate,  31 '9  grains  of  the  salt  in  10,000  grains 
of  water  (or  3*19  gm.  per  liter). 

Standard  ])otassic  iodide,  82*78  grains  of  KI  in  10,000  grains  of 
water  (or  8*278  gm.  per  liter.) 

The  solutions  should  agree  volume  for  volume,  but  it  is  pre- 
ferable to  verify  them  by  dissolving  3-5  grains  of  iodine  in 
caustic  soda,  in  a  5-oz.  stoppered  bottle,  adding  HCl  in  good  excess, 
cooling,  then  adding  the  jjermanganate  from  a  burette,  until  nearly 
colourless.  A  little  chloroform  as  indicator  is  then  added,  and  the 
permanganate  cautiously  run  in,  with  shaking  until  the  violet 
colour  of  the  iodine  is  discharged,  owing  to  i)roduction  of  ICl, 
due  to  the  reaction  of  CI  liberated  by  the  permanganate  from 
HCl. 

The  iodine  equivalent   of   the    permanganate   is   calculated  to 
bromine  by  the  coefficient  x  0*6713  and  each  decem  of  permanganate 
should   represent   about  0*04  grain   Br   (or  each   c.c    0*004  gm 
Br). 

The  other  reagents  are  purified  chloroform,  made  by  adding 
some  permanganate,  then  HCl  till  colour  is  discharged,  then  a  little 


§    51.  CADMIUM.  159 

KI  and  the  I  so  liberated  again  discharged  with  permanganate, 
linally  the  chloroform  is  washed  free  from  all  acid. 

A  three  i>er  cent,  solution  of  hydrocyanic  acid,  made  by  decom- 
ix)8ing  a  solution  of  pure  potassic  cyanide,  with  excess  of  HCl,  ami 
adding  i>ermanganate  till  a  faint  pink  colour  remains.  600  grains 
of  KCN  in  13i  ounces  of  water  (or  40  gm.  in  400  c.c.)  with 
2i  ounces  of  llCl  (or  70  c.c.)  will  give  such  a  solution.  Owing  to 
its  poisonous  nature  great  caution  must  be  used  in  making  this 
solution,  and  to  avoid  Jis  much  as  possible  the  evolution  of  [)rus8ic 
acid  the  temi)erature  must  be  kept  down  by  ice,  or  a  freezing 
mixture  of  nitre  and  sal  ammoniac.  If  the  cyanide  contains,  as  is 
often  the  case,  some  alkaline  carbonate,  this  should  bo  removed 
previously  by  LaCl,  as  otherwise  CO-  will  be  liberated  and  a  loss 
of  HCX  occur,  finally  the  cool  solution  is  rendered  faintly  pink 
with  some  permanganate. 

Solution  of  manganous  chloride,  made  by  dissolving  half  a  pound 
of  MnCr'^  +  411-0  in  4  oz.  of  warm  water  (or  500  gm.  in  250  c.c). 
This  solution  is  used  to  prevent  the  liberation  of  free  chlorine 
from  the  HCl  in  the  analysis. 

Proeeti :  The  wei^^^hod  broinido,  cont.aining  from  1  to  3  j^TJiiiiH  of  Br 
(0*05  to  0*15  vrni.)t  i^  dissolved  in  half  un  ouiico  (15  c.c.)  of  water  in  a  5  oz. 
stoppered  bottle,  and  about  an  ounce  (liO  c  c.)  of  tlio  nianKanoso  solution 
addcid;  x>crman;i^natc  is  then  run  in  excess  of  the  required  quantity,  and  the 
bottle  cooled  rapidly  to  5()^  F.  (10**  C.)  by  ico  or  a  froezinj(  mixture.  When 
cooled,  the .  bottle  is  shaken  by  a  rotary  motion,  and  about  half  an  ounce 
(15  c.c.)  of  modenitely  strong  HC'l  slowly  added,  with  motion  of  the  bottle 
to  dissolve  the  man^nic  hydroxide,  3  to  6  dm.  (2—4  c.c.)  of  hydro- 
<:yanic  solution  are  then  delivered  in,  the  bottle  closed  and  returned  to  the 
cooling  mixture  for  atx)ut  half  an  hour.  The  liquid  is  then  titrated  with 
the  standard  potassic  iodide,  until  nearly  decolorized  from  the  de<'om)K)sition 
of  the  manpini(!  chloride,  and  then  slijfhtly  coloured  from  liberation  of 
free  I.  Lastly,  the  sli<(ht  excess  of  iodide  is  estimated  by  adding  a  little 
chloroform,  and  the  titration  finished  with  i)erman;:anate.  The  bromine  is 
calculated  by  takin>(  the  difference  between  the  amounts  of  bromine, 
represented  by  total  |>ermanganate  and  iodide  used.  If  iodine  is  present  it 
is  of  course  recorded  as  bromine,  an<l  its  amount,  if  required,  must  be 
a«icertained  b}'  some  other  method  capable  of  its  estimation  in  the  ])resence 
of  bromine. 

The  author  gives  several  very  good  result*  with  pure  sodic 
bromide,  an  example  of  which  may  be  given.  Each  measure  of 
l>ermanganate=0'0392  J>r.  1*032  grain  Br  was  taken,  and  40*6 
mejisures  of  permanganate  with  14*3  measures  of  iodide  u.«*ed,  then 
40-6-  14-3=^2G'3  which  multiplied  by  0-0392=1 -031  Ik. 

CADMIUM. 

Cd=lll-6. 

§  51.  This  metal  may  be  estimated,  as  is  the  case  with  many 
others,  by  precipitation  aa  sulphide,  and  decomposing  the  sulphide 
with  a  ferric  salt,  the  iron  being  reduced  to  the  ferrous  state  in 
proportion  to  the  amount  of  sulphide  present. 
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Follenius  has  found  that  when  cadmium  is  precipitated  as 
sulphide  in  acid  liquids,  the  precipitate  is  apt  to  be  contaminated 
with  salts  other  than  sulphide  to  a  small  extent.  The  separation 
as  sulphide  is  best  made  by  passing  H^S  into  tHe  hot  liquid  which 
contains  the  cadmium,  and  which  should  be«acidified  with  10  per 
cent,  of  concentrated  sulphuric  acid  by  volume.  From  hydrochloric 
acid  solutions  the  metal  is  oidy  completely  separated  by  H^S  when 
the  hot  solution  contains  not  more  than  5  per  cent,  of  acid  of 
sp.  gr.  1*11,  or  14  per  cent,  if  the  liquid  is  cold. 

Ferric  chloride  is  to  be  preferred  for  the  decomposition  of  the 
cadmium  sulphide,  and  the  titration  is  carried  out  precisely  as  in 
the  case  of  zinc  (§  81). 

P.  von  Berg  {Z.  a.  C.  xxvi.  23)  gives  a  good  technical  process 
for  the  estimation  of  either  cadmium  or  zinc  as  sulphides,  by 
means  of  iodine,  as  follows  : — 

The  washed  sulphide  of  zinc  or  cadmium  is  allowed  to  draiu  upon  the 
filter,  and  then  transferred,  together  with  the  filter,  to  a  stoppered  flask 
containing  800  c.c.  of  water  deprived  of  air  by  boiling  and  the  passage  of 
carbonic  acid  gas.  The  whole  is  well  shaken  to  break  up  the  precipitate  and 
bring  it  into  the  most  finely  divided  condition  possible,  so  that  the  sulphide 
may  not  be  protected  from  the  action  of  the  iodine  by  separated  sulphur. 
A  moderate  quantity  of  hydrochloric  acid  is  added,  there  being  no  necessity 
to  entirely  dissolve  the  sulphide,  and  then  an  excess  of  iodine  solution  of 
known  strength.  The  residual  free  iodine  is  then  titrated  with  thiosulphat& 
without  loss  of  time.  The  whole  operation,  from  the  transference  of  the 
sulphide  to  the  fiask  to  the  final  titration,  occupies  about  five  minutes,  and 
gives  results  varying  between  98*8  and  100'2  per  cent.  The  reaction  proceeds 
according  to  the  equation,  ZnS+2HCl  +  2l  =  ZnC12+2HI  +  S. 

Cadmium  may  also  be  estimated,  when  existing  as  suli)hatc  or 
nitrate,  by  precipitation  as  oxalate,  and  titration  of  the  washed 
precipitate  by  [)ermanganate.  The  details  are  carried  out  precisely 
as  in  the  case  of  estimating  zinc  as  oxalate  (§  81). 

CAliOIUM. 

Ca=40. 

1  c.c.  -^^  permanganate  =0*0028  gm.  CaO 

=  0-0050  gnL  CaCO'^ 
=  0-0086  gm.  CaSO*  +  2H20 
„      normal  oxalic  acid  =  0*0280  gm.  CaO 

Cryst.  oxalic  acid  x  0*444     =  CaO 

Double  iron  salt  x  0-07143  =  CaO 

§  52.  TnK  estimation  of  calcium  alkalimetrically  has  already 
been  given  (§  18),  but  that  method  is  of  limited  application,  unless 
calcic  oxalate,  in  which  form  Ca  is  generally  separated  from  other 
bases,  be  converted  into  carbonate  or  oxide  by  ignition,  and  thus 
determined  with  normal  nitric  acid  and  alkali.  This  and  the 
following  method  by  Hemp  el  are  as  exact  in  their  results  as  th& 
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deterniination  by  weight ;  and  where  a  series  of  estimations  have 
to  be  made,  the  method  is  very  convenient. 

Titration  with  Permanganate. — The  readiness  with  which  calcium 
can  be  separated  as  oxalate  facilitates  the  use  of  this  method,  so 
that  it  can  be  applied  successfidly  in  a  great  variety  of  instances. 
It  is  not  necessary  here  to  enter  into  detail  as  to  the  method 
of  precipitation ;  except  to  say,  that  it  may  occur  in  either 
ammoniacal  or  weak  acetic  acid  solution ;  and  that  it  is  absolutely 
necessary  to  remove  all  excess  of  ammonic  oxalate  from  the 
precipitate  by  washing  with  warm  water  previous  to  titration. 

FrocetM :  "When  the  clean  precipitate  is  obtained,  a  hole  is  ma<le  in  tho 
filter,  and  the  bulk  of  the  precipitate  is  ^-ashed  through  the  funnel  into 
a  flask  ;  tho  filt<?r  is  then  treated  with  small  quantities  of  hot  dilute  sulphuric 
acid,  and  aj^in  washed  into  tho  flask,  ll^'drochloric  acid  in  moderate 
quantity  may  be  safely  used  for  the  solution  of  the  oxalate,  since  there  is 
not  tho  danger  of  liberating  free  chlorine  which  exists  in  the  case  of  iron 
(Fleischer,  Titrirmethode,  p.  76),  but  the  sulphuric  is  better.     * 

When  the  precipitate  is  completely  dissolved,  the  solution  is  freely  dilute<l 
with  water,  and  further  acidified  with  sulphuric  acid,  warmed  to  (30^  or  70", 
and  the  standard  i>ermanganate  cautiously  delivered  into  the  liquid  with 
constant  agi tuition  until  a  faint  i)ermanent  pink  tin|;;e  occurs,  precisely  as  in 
the  cose  of  standardizing  i>eniiauganate  with  oxalic  acid  (§  34.2r). 

"Proctis  for  Lime  in  Blast  Furnace  Slags  :  Place  about  1  gm.  of  the  very 
finely-gn)und  slag  into  a  beaker,  cover  with  water,  and  boil  genth',  then 
add  gradually  strong  HCl  until  the  whole  is  dissolvc<l,  including  SiO-. 
Dilute  the  liquid,  nearly  neutralize  with  ammonia,  and  add  a  solution  of 
ammonic  acetate.  The  silica  and  alumina  form  a  flocculent  ])recipitato 
which  is  easily  washed  on  a  filter.  Tho  filtrate  and  washings  are  concen- 
trated somewhat,  and  tho  CaO  i»recipitated  with  oxalate  of  anmionia  and 
free  ammonia;  the  prcci])itate  is  dissolved  as  before  described  in  hot  dilute 
sulphuric  acid,  and  titrated  with  permanganate.  If  much  manganese  is 
present,  the  calci(r  oxalate  must  be  re-dissolved  and  re-precipitated  before 
the  titration  is  made. 

In  all  cases  where  a  clean  oxalate  ])recipitate  can  be  obtained, 
such  as  mineral  waters,  manures,  etc.,  very  exact  results  are  obtain- 
able ;  in  fact,  quite  as  accurate  as  by  the  gravimetric  method. 
Ample  testimony  on  this  point  is  given  by  Fresenius,  Mohr, 
Hem  pel,  and  others. 

Tucker  (/r</w,  Xov.  IG,  1878)  has  given  the  results  of  numy 
experiments  made  by  him  upon  mixtures  of  Ca  with  abnormal 
proj)ortions  of  iron,  magnesia,  ahmiina,  etc.  ;  and  even  here  the 
numbers  obtained  did  not  vary  more  than  2  to  3  per  cent,  from  the 
truth.  In  the  case  of  large  proportions  of  these  substances  it  Avill 
be  preferable  to  re-[)recipitate  the  oxalate,  so  as  to  free  it  from 
adhering  contanunations  previous  to  titration. 

Indirect  Titration. — In  the  case  of  calci(!  salts  soluble  in  watc^r  and 
of  tolerably  jmre  nature,  the  estimation  by  permanganate  can  bo 
made  by  adding  to  the  solution  a  measured  excess  of  normal  oxalic 
acid,  neutralizing  with  ammonia  in  slight  excess,  and  heating  to 
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boiling,  so  as  to  rapidly  separate  the  precipitate.  The  mixture  is 
then  cooled,  diluted  to  a  measured  volume,  filtered  through  a  dry 
filter,  and  an  aliquot  portion  titrated  with  permanganate  after 
acidifying  with  sulphuric  acid  as  usual.  A  great  variety  of  calcium 
salts  may  be  converted  into  oxalic  by  a  short  or  long  treatment 
with  oxalic  acid  or  amnionic  oxalate,  including  calcic  sulphate, 
phosphate,  tartrate,  citrate,  etc. 


OEBIUM. 

Ce=  141-2. 

§  53.  The  most  exact  method  of  estimating  this  metal  is  by 
precipitating  as  cerous  oxalate,  then  drying  the  precipitate,  and 
strongly  igniting  in  an  open  crucible,  so  as  to  convert  it  into  eerie 
oxide. 

Stolli^  (Z.  a.  C,  xix.  194)  states  that  the  moist  oxalate  may  be 
titrated  precisely  as  in  the  case  of  calcic  oxalate  with  i>ermanganate, 
and  with  accurate  results.  No  examples  or  details,  however,  are 
given. 

CHLOBINE. 

Cl=35-37. 

1  c.c.  y^  silver  solution=0*003537  gm.  CI. 
„  „  =0-005837  gm.  NaCl. 

§  54.  The  powerful  affinity  existing  between  chlorine  and  silver 
in  solution,  and  the  ready  precipitation  of  the  resulting  chloride, 
seem  to  have  led  to  the  earliest  imi)ortant  volumetric  process  in 
existence,  viz.,  the  assay  of  silver  by  the  wet  method  of  Gay 
Lussac.  The  details  of  the  process  arc  more  particularly  described 
under  the  article  relating  to  the  assay  of  silver  (§  73) ;  the  deter- 
mination of  chlorine  is  just  the  converse  of  the  process  there 
described,  and  the  same  precautions,  and  to  a  certain  extent  the 
same  apparatus,  are  required. 

The  solutions  required,  however,  are  systematic,  and  for  exactness 
and  convenient  dilution  are  of  decinormal  strength  as  described  in 
§  41.  In  many  CAses  it  is  advisable  to  jiossess  also  centinormal 
solutions,  made  by  diluting  100  c.c.  of  ^^  solution  to  1  liter. 

1.     Direct  Precipitation  witli  20  Silver. 

Ver}'  weak  solutions  of  chlorides,  such  as  drinking  A^Titers,  are  not  easily 
examined  for  chlorine  by  direct  precipitation,  unless  they  are  considerably 
concentrated  by  evaporation  previous  to  treatment,  owing  to  the  fact  that, 
unless  a  tolerable  quantity  of  chloride  can  Ix?  formed,  it  will  not  collect 
together  and  separate  so  as  to  leave  the  liquid  clear  enough  to  tell  on  the 
addition  of  fresh  silver  whether  a  distinct  formation  of  chloride  occurs. 
The  best  effects  are  produced  when  the  mixture  contains  chlorine  equal  to 
from  li  to  2  gm.  of  salt  per  100  c.c.     Ghould  the  proportion  be  much  less 
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than  this,  the  diflTioiilty  of  precipitation  may  be  overcome  by  adding  a 
quantity  of  freshly  ]>recipitated  chloride,  made  by  mixinj?  erjual  volumes*  of 
^ff  salt  and  silver  w/lution,  nhakinjif  vi^'oroush',  pourinjjr  off  the  clear  liquid, 
and  addinj^  tbo  chloride  to  the  mixture  under  titration.  The  best  vessel  to 
use  for  the  trial  is  a  well-stopj)ered  round  white  l)ottle,  holdin*^  100  to  lo() 
c.c,  and  fittin.ic  into  a  paper  cjwe,  so  a»  to  prevent  a<!cess  of  stronsf  light 
durinjf  the  titration.  Supi>osin}-%  for  instance,  a  neutral  solution  of  potassic 
chloride  requires  titration,  20  or  30  c.c.  are  measured  into  the  shaking? 
bottle,  a  few  drojis  of  strong  nitric  acid  added  (free  acid  must  always  bo 
present  in  direct  precipit-ition),  and  a  round  number  of  c.c.  of  silver  solution 
added  from  the  burette.  The  bottle  is  placed  in  itsca.««e,  or  may  be  enveloped 
in  a  dark  cloth  and  vigorously  shaken  for  half  a  minute,  then  uncovered, 
and  gently  t:ip|>ed  upon  a  table  or  b(M)k,  so  as  to  start  the  chloride  downwanl 
from  the  surface  of  the  licpiid  where  it  often  swims.  A  cpiick  clarification 
indicates  excess  of  silver.  The  nearer  the  point  of  exact  counterbalance  the 
more  dirtirnilt  to  obtain  a  clear  solution  by  shaking,  but  a  little  pmctice  soon 
accustoms  the  eye  to  distinguish  the  faintest  precipitate. 

In  case  of  overstepjnng  the  balance  in  any  trial,  it  is  only 
necessary  to  add  to  the  li([uid  under  titration  a  tlefinitc  volume  of 
^^  salt  solution,  and  finish  the  titration  in  the  same  liquid, 
deducting,  of  coui-sc^,  the  same  number  of  (i.e.  of  silver  as  has  been 
ad<led  of  salt  solution. 

Fuller  details  and  precautions  are  given  in  §  73. 

2.    Precipitation  by  J^  Silver  in  Neutral  Solution  with  Chromate 

Indicator  (see  §  41,  2  b). 

3.    Titration  with  ^  Silver  and  Thiociranate   (see  §  43). 

This  method  gives  very  accurate  results  if,  aft<»r  the  chlorine  is 
preeipitiite<l  with  excess  of  ^^  silver,  the  silver  chlorides  is  filtered 
<»fi",  washeil  "well,  and  the  filtnite  and  washings  titnitcd  with  ^^J 
tliiocyanate  for  the  excess  of  silver. 

Procegs :  The  material  t^)  be  titnited,  such  as  water  r(»'<iihios,  beer  ash,  or 
other  substances  in  which  the  chlorine  is  to  Ik)  ostimjitcnl  l)eing  bnmght  into 
clear  solution,  a  known  volume  of  ^\  silver  in  excess  is  added,  having  previously 
acidified  the  mixture  with  nitric  acid;  the  mixture  is  well  stirred,  and  the 
FUi)ernatant  liquid  filtered  off  through  a  small  filter,  the  chloride  well 
washed,  and  lo  the  filtnite  and  washings  5  c.c.  of  ferric;  indicator  (§  4*3.3) 
and  the  same  volume  (if  nitric  a<'id  (§  -UiA)  are  addetl.  The  flask  is  then 
brought  under  the  tliiocyanate  bun»tte,  and  the  solution  deliven?d  in  with 
a  constant  gentle  movement  of  the  liijuid  until  a  permanent  light-brown 
colour  apiK?ars.  If  the  silver  chloride  is  not  removed  from  the  li<|uid 
prc^vious  to  titration  a  serious  error  may  occur,  owing  to  the  roid\'  solubility 
of  the  chloride  in  the  thicwyanate  solution. 

4.    By  Distillation  and  Titration  with  Thiosulphate  or  Arsenite. 

In  cases  wh(?ro  cld<»rine  is  evolved  direct  in  the  gaseous  form  or 
as  the  representative  of  some  other  body  (see  JJ  'Mi),  a  very  useful 
absorption  apparatus  is  shown  in  lig.  37.  The  little  tlask  a  is  used 
iis  a  distilling  vessel,  connected  with  the  bulb  tubes  by  an  india- 

M  2 
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rubber  joint;*  the  stoppers  for  the  tubes  are  also  of  the  same 
material,  the  whole  of  which  should  be  cleansed  from  sulphur  by 
boiling  in  weak  alkali.  A  fragment  of  solid  magnesite  may  with 
advantiige  be  added  to  the  acid  liquid  in  the  distilling  flask ;  in 
all  other  respects  the  process  is  conducted  exactly  as  is  described 
in  §  39. 

This  ai)paratus  is  e<[ually  well  ada[)ted  to  the  absorption  of 
ammonia  or  other  gases,  and  possesses  the  great  recommendation 
that  there  is  scarcely  a  possibility  of  regurgitation. 

Mohr's  appamtus  (fig.  38)  is  also  serviceable  for  this  method. 

CHIiOBINE   GAS  AND  BLEACHINa   COMPOTXNDS. 

1  c.c.  -^^  arsenious  or  thiosuli3hate  solution =0*003537  gm.  CI. 
1  liter  of  chlorine  at  0**  C.,  and  760  m.m.,  weighs  3*167  gm. 

§  55.  Chix)rine  water  may  be  titrated  with  thiosulphate  by 
adding  a  measured  quantity  of  it  to  a  solution  of  potassic  iodide, 
then  delivering  the  thiosulphate  from  a  burette  till  the  colour  of 
the  free  iodine  has  disappeared;  or  by  using  an  excess  of  the 
reducing  agent,  then  starch,  and  titrating  residually  with  -^  iodine. 
When  arsenious  solution  is  used  for  titration,  the  chlorine  water  is 
delivered  into  a  solution  of  sodic  carbonate,  excess  of  arsenious 
solution  added,  then  starch  and  y^  iodine  till  the  colour  appears, 
or  iodized  starch-paper  may  be  used. 

Bleachinff  Powder. — The  chief  substance  of  importance  among 
the  compounds  of  hypochlorous  acid  is  the  so-called  chloride  of 
lime.  The  estimation  of  the  free  chlorine  contained  in  it  presents 
no  difficulty  when  arsenious  solution  is  used  for  titration. 

Commercial  bleaching  powder  consists  of  a  mixture  in  variable 
proportions  of  calcic  hypochlorite  (the  true  bleaching  agent),  calcic 
cliloride,  and  hydrate ;  and  in  some  cases  the  prei)aration  contains 
considerable  quantities  of  chlorate,  due  to  imperfect  manufacture  or 
age.  It  is  generally  valued  and  sold  in  this  country  by  its 
percentage  of  chlorine.  In  France  it  is  sold  by  degrees  calculated 
from  the  volume  of  gaseous  chlorine:  100°  French=31*78  per 
cent.  English. 

1.     Titration  by  Arsenious  Solution   (Penot). 

Tlie  first  thing  to  be  done  in  determining  the  value  of  a  sample 
of  bleaching  powder  is  to  bring  it  into  solution,  which  is  best 
managed  as  follows : — 

The  sample  is  well  and  quickly  mixed,  and  7*17  gm.  weighed,  put  into 
a  mortar,  a  littlo  water  added,  and  the  mixture  rubbed  to  a  smooth  cream; 
more  water  is  then  stirred  in  with  the  pestle,  allowed  to  settle  a  little  while, 
then  poured  ofiF  into  a  liter  flask;  the  sediment  again  rubbed  with  water, 

•  India-rubber  and  specially  vulcanized  rubber  is  open  to  some  objection  in  these 
analyses,  and  apparatus  is  now  readily  to  be  hod  with  i^usa  connections. 
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poured  off,  and  eo  on  repeatedly,  until  the  whole  of  the  chloride  has  heen 
conveyed  into  the  flask  without  lo.s8,  and  the  mortar  washed  quite  clean. 
The  flask  is  then  filled  to  the  mark  with  water,  well  shaken,  and  50  c.c.  of 
the  milky  liquid  taken  out  with  a  pii)ette,  emptied  into  a  beaker,  and  the  x^f 
arsenious  solution  delivered  in  from  a  burette  until  a  drop  of  the  mixture 
taken  out  with  a  glass  rod,  and  brought  in  contact  with  the  prepared  starch- 
pa)»er  (§  40)  gives  no  blue  stain. 

The  starch-paper  may  bo  dispeiLsed  with  by  adding  arsenious  solution  in 
excess,  then  starch,  and  titrating  residually  with  /(^  iodine  till  the  blue 
colour  ap|>ears.  The  number  of  c.c.  of  arsenic  used  shows  direct  percentage 
of  available  chlorine. 

A  more  rajjid  tei^hnical  method  can  be  adopted  in  cases  where  a  series  of 
samples  has  to  be  tested,  as  follows : — 4*95  gm.  of  pure  arsenious  acid  are 
finely  powdered  and  dissolved  by  the  aid  of  a  gentle  heat  in  about  15  c.c. 
of  gly(»erine,  then  diluted  with  water  to  1  liter ;  25  c.c.  are  measured  into 
a  flask,  and  1  c.c.  of  indigo  solution  added.  The  turbid  solution  of  bleaching 
powder  is  |)oured  into  a  suitjible  burette,  and  beforcf  it  has  time  to  settle  is 
delivered  with  constant  shaking  into  the  blue  arsenious  solution  until  the 
colour  is  just  discharged :  the  percentage  of  chlorine  is  then  found  by  a  slight 
calculation. 

2.    Bun 8 en's  Method. 

10  or  20  c.c.  of  the  chloride  of  lime  solution,  prepared  as  al)ove,  are 
measured  into  a  beaker,  and  an  excoHS  of  solution  of  potassic  ioilide  added ; 
the  mixture  is  thou  diluted  somewhat,  acidified  with  acetic  acid,  and  the 
liberated  iodine  titrated  with  jj^  thiosulphato  and  starch ;  1  eq.  iodine  so 
found  represents  1  eq.  chlorine. 

The  presence  of  chlorate  docs  not  aflfect  the  result  when  acetic 
acid  is  used.  If  it  be  desired  to  estimate  the  amount  of  chlorate 
in  bleach,  the  following metho<l  has  heen  devised  by  R.  Fresenius. 
It  depends  on  the  fact  that  hy[)Ochlorites  are  decomposed  by  lead 
acetate  with  formation  of  lead  peroxide,  whilst  the  chlorate  which 
may  be  i)resent  is  unaffected. 

Process:  20  gm.  of  bleaching  powder  are  ground  up  with  water  in 
repeated  quantities  and  made  up  to  a  liter;  after  settling,  50  c.c—  1  gm.  of 
bleach  are  filtered  off  through  a  dr}'  filter,  ]>ut  into  a  fljisk,  and  mixcKl  with 
a  solution  of  lead  acetate  in  some  excess.  There  is  formed  at  first  a  white 
precipitate  of  lead  cliloride  and  lead  hydroxide,  these  being  acte<l  on  by  the 
hypo(?hlorite  be<*ome  first  3'ellow,  then  brown,  with  liberation  of  chlorine  and 
passing  into  leail  peroxide.  After  the  precipitate  has  settle<l,  more  lead 
solution  is  added,  to  be  sure  that  the  conversion  is  com]>lete.  The  mixture 
is  alloweil  to  stand  in  the  open  flask,  with  frequent  shaking,  till  all  smell  of 
chlorine  has  disappeared,  which  occurs  in  from  eight  to  ten  hours.  The 
precipitate  is  then  filtered  off  and  washed  till  the  wash-water  is  free  from 
acid.  The  washings  are  evaporated  somewhat,  added  to  the  filtnite,  and  the 
whole  mixed  with  sodic  ctirlxmate  in  slight  excess,  to  precipitate  the  lead  and 
lime  as  carbonates— these  are  well  wa-shed,  the  filtrate  and  washings 
evaporated  nearly  to  dryness,  then  transferred  to  either  a  Fresenius  or 
Mohr  apparatus  (fig.  87  or  38)  and  distilled  with  IICI  as  directed  in  §  39. 
1  eq.  :  I  --=  1  eq.  Cl-0^. 

8.    Gasometrlc  Process. 

This  method  has  heen  devise<l  by  Liinge  (Ikrichfe  xix.  868, 
also  /.  S.  C.  /.  ix.  22)  and  is  hoth  accurate  and  rapid.  The 
instrument  used   for   the    analysis  is   ])referahly   the    improved 


166  VOLUMETRIC   ANALYSIS.  §    55. 

nitrometer,  with  patent  tap  and  bulb  (see  Part  VIT.),  which  i)ermits 
the  use  of  a  larger  weight  of  the  sample  than  the  ordinary  50  c.c. 
nitrometer.  In  both  instruments  for  this  class  of  analysis  ordinary 
tap  water  may  be  used,  instead  of  mercury,  with  equally  accurate 
results. 

The  reagent  used  for  the  decomposition  of  the  bleach  is 
hydrogen  peroxide,  and  the  reaction  is  CaOCl- +  H''^0^=CaCr- + 
H'-^O  +  0-.     Lunge's  directions  are  as  follows : — 

It  is  not  necessary  to  know  the  exact  composition  of  the  hydrogen  peroxide, 
but  as  it  is  desirable  not  to  employ  too  larjje  an  excess  of  it  in  this  case,  it  is 
best  to  estimate  its  percentaj^e  by  a  preliminary  test  occupying  but  a  few 
minutes,  in  which  a  certain  vohmie  of  H-O'  is  decomposed  by  an  excess  of 
bleach  solution  (the  inverse  of  the  titration  of  the  latter).  This  need  be 
done  only  quite  roufchlv.  For  the  analysis  of  chloride  of  lime  the  hydrogen 
peroxide  nuist  be  diluted  before  use  so  as  not  to  give  out  more  than  7  c.c.  of 
oxygen  per  c.c,  and  it  must  be  made  alkaline  by  means  of  caustic  soda 
solution  up  to  the  point  where  a  flocculent  precipitate  appears.  The  alkaline 
reaction  ought  to  be  quite  distinct,  but  any  great  excess  of  alkali  should  be 
avoided.  It  is  not  necessary  to  shake  much,  and  the  reading  ought  to  be 
made  quickly,  say  five  minutes  after  mixing  the  liquids,  otherwise  the  results 
will  be  too  high  owing  to  the  gradual  evolution  of  more  oxygen  from  the 
alkaline  liquid.  It  might  be  thought  that  muddy  solutions,  such  as  are 
regularly  employed  in  testing  commercial  bleaching  powder,  would  yield  less 
reliable  results,  the  solid  matter  favouring  the  evolution  of  oxygen  from 
H-O-  otherwise  than  through  the  action  of  CaOCF ;  but  this  is  not  so ; 
muddy  solutions  can  be  tested  by  the  nitrometer  just  as  well  as  clear  bleach 
liquors,  provided  the  time  of  five  minutes  is  not  exceeded.  As  the  reaction 
does  not  produce  a  sensible  change  of  tem])eraturc,  that  time  will  quite 
suffice,  provided  that  the  openitor  has  avoided  raising  the  temperature  of  the 
flask  in  manipulating  it,  which  he  can  do  by  handling  it  ahr.iys  by  the  neck 
with  his  thumb  and  forefinger  only. 

In  order  to  find  the  percentiige  of  available  chlorine  by  weight,  that  is, 
the  English  chlorometrical  degrees,  it  should  be  borne  in  mind  that  every 
c.c.  of  gas  evolved,  reduced  to  0"  and  760  m.m.,  represents  00031 67  gm.  of 
chlorine.  Hence,  if  the  quantity  of  bleach  emplo3ed  is  =  1  gm.  (for 
instiince,  by  dissolving  20  gm.  in  500  c.c.  of  water,  and  employing  25  c.c. 
of  the  solution  for  each  test),  each  c.c.  of  gas  is  =  0  3107  per  cent,  of 
available  chlorine  in  the  bleach.  This  involves  the  use  of  a  bulb  nitrometer 
holdiug  141  ('.c.  If  only  a  50  c.c.  instrument  is  at  hand,  it  will  l)e  necessary 
to  take,  say,  5  c.c.  of  the  first-mentioned  bleach  solution,  in  which  case  every 
c.c.  of  gas  represents  ox0'3167  =  l*58  per  cent,  of  chlorine.  The  most  con- 
venient way  is  to  dissolve  7'917  gm.  of  bleach  in  25u  c.c.  of  water,  and 
employing  10  c.c.  of  the  solution  for  each  test,  when  each  c.c.  of  oxygen 
evolved  will  directly  indicate  1  per  cent,  of  available  chlorine,  and  a  50  c.c. 
nitrometer  should  be  used. 

The  general  method  of  manipulating  the  nitrometer  is  described 
in  Part  VII. 

m 

CHLOBATES,    lODATES,    AND    BBOMATES. 

Chloric  anhydride,  Cl-0^=1 50-74.     Iodic  anhydride,  I20'^=333. 

Bromic  anhydride,  Br'^0^=239-5. 

The  compounds  of  chloric,  iodic,  and  bromic  anhydrides  may 
^W  be   deteriuined   by   distillation   or   digestion   Avith   excess   of 
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hydrochloric  acid  ;   "with  chlorates  the  quantity  of  acid  must  he 
cousiderahlv  in  excess. 

In  each  case  1  e<[.  of  the  respective  anhydrides  taken  as 
mouohasic  or  their  compounds,  liberates  6  e<|.  of  chlorine,  an«l 
conse([uently  6  ecj.  of  iodine  when  decomi)Osed  in  the  digestion 
flask.  In  the  caK»  of  distillation,  however,  iodic  and  hromic  acids 
only  set  free  4  eq.  iodine,  while  iodous  and  bromous  chlorides, 
remain  in  the  retort.  In  both  these  cases  digestion  is  pn^ferablo 
to  distillation. 

Example:  02D43  \p\\.  pure  |M)tassio  chlonitc,  equal  to  llio  sixth  part  of 
ifffruiT  c<l-  ^^'^^  dcc(nuiK)sed  by  di^eHtion  with  potoHsic  iodide  and  ntronj^ 
hydroohlorio  acid  iu  the  bottle  shown  in  fij^.  39.  After  the  reaction  was 
complete,  and  the  Ixittle  oohl»  the  stopper  was  removed,  and  the  contents 
washed  ont  into  a  boakor,  .**tarch  added,  and  103 c.o.  ^^  thiosulphatcdolivoriHl 
in  from  the  burette;  then  agjiin  23'2  c.o. of  iJhy  io<line solution, to  reproduoo 
tho  blue  I'olour:  this  latter  was  therefore  etiuul  to  2*32  c.c.  -j^  iodine,  which 
dttlucted  from  tho  103  c.o.  ihiosulphate  g:iYo  100*(J8<5.c.,  which  multiplied  by 
tho  factor  O032U43,  K^1ve  ()*205G  pn.,  instejid  of  0-2043  jpn. 


CHBOMITXM. 

Cx='y2'L 

1,    Beduction  by  Iron. 

S^  56.  Thk  estimation  of  chromatcs  is  very  simply  and  success- 
fully performed  by  th(j  aid  of  ferrous  sulphate,  being  thu  converse 
of  the  process  devised  by  Penny  for  tho  estimation  of  iron 
(see  §  37). 

I'rocesit :  A  very  snnll  l)eakor  or  other  convenient  vossel  is  j>artly  or 
wholly  fille<l,  as  may  bo  requisite,  with  perfetitly  dry  and  ^nuinlar  double 
sulphate  of  iron  and  ammonia;  the  exact  wciKht  then  taken  and  noted. 
The  chromium  compound  is  brought  into  solution,  not  too  dilute,  acidilied 
with  sulphuric  acid,  and  small  quantities  of  the  iron  stdt  added  from  time  to 
timo  with  a  dry  spoon,  taking'  care  that  none  is  spilled,  and  stirring'  with 
a  i^luss  rod,  until  the  mixture  becomes  green,  and  the  iron  is  in  excess,  best 
known  by  a  small  droj)  beinj,'  brouj^ht  in  contact  with  a  drop  of  red  prussiato 
of  potash  on  a  white  plate;  if  a  blue  colour  appears  at  the  point  of  contJict, 
the  iron  is  in  excess.  It  is  necessary  to  estimate  this  excess,  which  is  most 
eonvenieiUly  done  by  ^^  bichromate  bcin^  added  until  tho  blue  colour 
produ<'ed  by  contact  with  the  rwl  prussiate  disapiKjars.  Tho  ve^isel  containinjf 
tho  iron  salt  is  a^in  weighed,  tho  loss  noted;  the  quantity  of  the  salt 
represonte<l  by  the  "tt  bichromate  deducted  from  it,  and  the  remainder 
multiplie<l  by  the  factor  required  by  the  substance  soujcht.  A  fn\shly  mado 
standard  solution  of  iron  salt,  well  acidified  with  sulphuric  acid,  ma}'  be  used 
iu  place  of  the  dry  salt. 

Example :  U*5  ^ra.  pure  potassic  bichromate  was  taken  for  analysis,  and  to 
its  aci<l  srdution  4*  15  jjm.  double  iron  salt  adde<l.  33  c.c.  of  ^j^  bichromate 
were  required  to  oxidize  the  excess  of  iron  salt;  it  was  found  that  0*7  ^i\.  of 
the  sidt=  17*85  c.c.  bi(*hromate,  <'omHHpiently  3'3  c.c.  of  the  latter  were  equal 
to  0*12085  Km-  iron  salt ;  this  deducted  from  the  quantity  originally  used 
left  402015  Kn»-»  ^hich  multiplied  by  01255  gave  0*604  gm.  instead  of 
0-5  gm. 
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In  the  cnse  of  lead  chromate  being  estimated  in  this  way,  it  is 
best  to  mix  both  the  chromate  and  the  iron  salt  together  in 
a  mortar,  rubbing  them  to  powder,  adding  hydrochloric  acid, 
stirring  well  together,  then  diluting  with  water  and  titrating  as 
before.  Where  pure  double  iron  salt  is  not  at  hand,  a  solution  of 
iron  wire  in  sulphuric  acid,  freshly  made,  and  of  ascertained 
strength,  may  be  used. 

2.    EBtixnation  of  Chromates  by  Distillation  with  Hydrochloric  Acid. 

When  chromates  are  boiled  with  an  excess  of  strong  hydrochloric 
acid  in  one  of  the  apparatus  (fig.  37  or  38),  every  1  e([.  of  chromic 
acid  liberates  3  eq.  chlorine.  For  instance,  with  potassic  bichromate 
the  reaction  may  be  expressed  as  follows — 

K^Gr^O-  +  UHC1=2KC1  +  Cr^CP  +  7H20  +  6C1. 

If  the  liberated  chlorine  is  conducted  into  a  solution  of  i>otassic 
iodi<le,  3  eq.  of  iodine  are  set  free,  and  can  be  estimated  by  ^ 
arsenite  or  thiosulphate.  3  eq.  of  iodine  so  obtained =37 9 "5 
represent  1  eq.  chromic  acid=100'40.  The  same  decomi)ositioii 
takes  place  by  mere  digestion,  as  described  in  g  39. 

3.     Chrome  Iron  Ore,  Steel,  etc. 

The  ore  varies  in  (juality,  some  sami^cs  being  very  rich,  while 
others  are  very  poor,  in  chromium.  In  all  cases  the  sample  is  to 
be  first  of  all  brought  into  extremely  fine  powder.  About  a  gram  is 
rubbed  tolerably  fine  in  a  steel  mortar,  then  finished  fractionally 
in  an  agate  mortar. 

Christomanos  recommends  that  the  coarse  powder  should  be 
ignited  for  a  short  time  on  platinum  previous  to  powdering  with 
the  agate  mortar ;  after  that  it  should  be  sifted  through  the  finest 
material  that  can  be  used,  and  the  coarser  particles  returned  to  the 
mortar  for  regrinding. 

Previous  to  analysis  it  should  be  again  ignited,  and  the  analysis 
made  on  the  dry  sample. 

O'Neill's  Process.— The  very  finely  powdered  ore  is  fused  with 
ten  times  its  weight  of  potassic  bisulphate  for  twenty  minutes,  taking  care 
that  it  does  not  rise  over  the  edge  of  the  platinum  crucible ;  when  the  fusion 
is  complete,  the  molten  mass  is  caused  to  flow  over  the  sides  of  the  crucible, 
so  as  to  prevent  the  formation  of  a  solid  lump,  and  the  crucible  set  a^iidc  to 
cool.  The  mass  is  transferred  to  a  porcelain  dish,  and  lixiviated  with  warm 
water  until  entirely  dissolved  (no  black  residue  must  occur,  otherwise  the 
ore  is  not  completely  decomposed) ;  sodic  carbonate  is  then  added  to  the 
liquid  until  it  is  strongly  alkaline ;  it  is  then  brought  on  a  filter,  washed 
slightl3%  and  the  filter  dried.  AVhen  perfectly  dry,  the  precipitate  is 
detached  from  the  filter  as  much  as  ])ossible ;  the  filter  burned  separatel}*- ; 
the  ashes  and  precipitate  mixed  with  about  twelve  times  the  weight  of  the 
original  ore,  of  a  mixture  of  two  parts  potassic  <!hlomte  and  three  parts 
sodic  carbonate,  and  fused  in  a  platinum  crucible  for  twenty  minutes  or  so ; 
the  resulting  mass  is  then  treated  with  boiling  water,  filtered,  and  the  filtrate 
titrated  for  chromic  acid  as  in  §  56.1. 
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The  ferric  oxide  remaining  on  the  filter  is  titrated,  if  re([iiired, 
by  any  of  the  niethoils  described  in  §g  63  and  64. 

Britton's  Process. — Reduce  the  mineral  to  the  finest  8fate  of 
division  i>05»sible  in  an  agate  mortar.  Wei^h  off  U'5  k™  «  ^"<1  'i^l^  ^o  it 
4  gm.  of  flux,  previously  prepared,  composed  of  one  part  iwtjissio  chlonite 
and  three  parts  soda-Iimo;  thoroughly  mix  the  mass  by  triturating  in  a 
porci'lain  mortar,  and  then  ignite  in  a  covered  platinum  crucible  at  a  bright- 
red  heat  for  an  hour  and  a  half  or  more.  20  minutes  is  sutlicient  with  the 
gas  blowpipe.  The  mass  will  not  fuse,  but  when  cold  can  be  turned  out  of 
the  cnicible  by  a  few  gentle  taps,  leaving  the  interior  of  the  vessel  clean 
and  bright.  Triturate  in  the  mortar  again  and  turn  the  powder  into  a  tall 
4-oz.  beaker,  and  add  about  20  c.c.  of  hot  water,  and  boil  for  two  or  three 
minutes;  when  cold  add  16  c.c.  of  IICl,  and  stir  with  a  glass  rod,  till  • 
the  solid  matter,  with  the  exception  probably  of  a  little  silica  in  flakes, 
becomes  dissolved.  Both  the  iron  and  chromium  will  then  be  in  the  highest 
state  of  oxidation— IVO'  and  Cr^'O*.  Pour  the  fluid  into  a  white  porcelain 
dish  of  about  20-oz.  capacity,  and  dihite  with  washings  of  the  beaker  to 
about  3  oz.  Immediately  after,  also,  add  cautiously  1  gm.  of  metjillic  iron 
of  known  purity,  or  an  wjuivalent  ipiantity  of  double  iron  salt,  ])reviously 
dissolved  in  dihite  sulphuric  acid,  and  further  dilute  with  cold  water  to 
about  5-oz.,  to  make  up  the  volume  in  the  dish  to  about  8  oz.,  then  titrate 
with  ,"0  permanganate  the  amount  of  ferrous  oxide  remaining.  The 
difference  between  the  amount  of  iron  found  and  of  the  iron  weighed  will 
be  the  amount  oxidized  to  sesquioxide  by  the  chromic  acid.  Every  one  part 
so  oxidized  will  represent  0*320  of  (.'r  or  0-iG6.3  of  sesquioxide,  Cr-O*,  in 
which  hist  condition  the  substance  usually  exists  in  the  ore. 

If  the  amount  of  iron  onl}'  in  the  ore  is  to  be  determined,  the  proces«*  is 
still  shorter.  After  the  fluxed  mineral  has  been  ignited  and  reduced  to 
powder,  as  already  directed,  dissolve  it  by  adding  first,  10  <;.c.  of  hot  water 
and  applying  a  gentle  heat,  and  then  15  c.c.  of  HCl,  continuing  the  heat  to 
incipient  boiling  till  complete  decomjwsition  has  been  effected;  c(K)1  by 
immersing  the  tube  in  a  bath  of  cold  water,  add  pieces  of  pure  metallic  zinc 
sufficient  to  bring  the  iron  to  the  condition  of  protoxide  and  the  chnnnium 
to  sesquioxide,  and  a]»ply  heat  till  small  bubbles  of  hydrogen  cease,  and  the 
zinc  has  become  quite  dissolved;  then  nearly  fill  the  tube  with  cold  water, 
acidulated  with  one-tenth  of  sulphuric  acid,  and  pour  the  contents  into  the 
]K)n'elaiQ  dish,  add  cold  ^ater  to  make  up  the  volume  to  about  8  oz.,  and 
complete  the  operation  with  standard  permanganate  or  bichromate. 

Sell's  Procoes.  -This  method  is  descrribed  in  J.  C,  S.  1879 
(p.  292),  and  is  carri<Ml  out  by  first  fusing  the  finely  ground  ore 
with  a  niixtiin;  of  sodic  bisulphate  and  fluoride  in  the  proportion 
of  1  niol.  bisulphate,  and  2  niol.  fluoride,  and  subsecjuent  titration 
of  the  chromic  aci<l  by  standard  thiosulphate  and  iodine. 

From  O'l  to  0*5  gm.  of  the  ore  is  placed  on  the  top  of  ten  times  its  wei>;ht 
of  the  above-mentioned  mixture  in  a  large  platinum  crucible,  and  ignit(Hl  for 
j^teen  minutes;  an  equal  weight  of  sodic  bisulphate  is  then  added  and  well 
incorporated  by  fusion,  and  stirring  with  a  platinum  wire ;  then  a  further 
like  quantity  of  bisulphate  added  in  the  same  way.  AVhen  complete 
decomposition  has  occurred,  the  mass  is  boiled  with  water  acidulated  with 
sulphuric  acid,  and  the  solution  diluted  to  a  definite  volume  according  to  the 
(|uantity  of  ore  originally  taken. 

To  insure  the  oxidation  of  all  the  chromium  and  iron  previous  to  titration, 
a  portion,  or  the  whole,  of  the  solution  is  heated  to  boiling,  and  ]»ermanganate 
added  until  a  permanent  red  colour  occurs.  Sodic  carbonate  is  then  added 
in  slight  excess,  and  suflicient  alcohol  to  destroy  the  excess  of  permanganate ; 
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the  manganese  precipitate  is  then  filtered  oflP,  and  the  clear  solution  titrated 
with  t'V  thiosiilphate  and  iodine. 

The  author  statos  that  the  analysis  of  an  ore  by  this  method 
may  be  accomplished  in  one  hour  and  a  half. 

For  the  oxidation  of  salts  of  chromium,  the  same  authority 
recommends  boiling  with  potash  or  sodic  carbonate  (to  which 
a  small  quantity  of  hydrogen  peroxide  is  added)  for  1 5  minutes. 

For  the  preliminary  fusion  and  oxidation  of  chrome  iron  ore, 
Dittmar  recommends  a  mixture  of  two  parts  borax  glass,  and  one 
and  a  half  part  each  of  sodic  ami  potassic  carbonate.  These  are 
.  fused  together  in  a  platinum  crucible  until  all  effervescence  ceases,, 
then  poured  out  into  a  large  platinum  basin  or  upon  a  clean  iron 
plate  to  cool,  broken  up,  and  preserved  for  use. 

Ten  i)arts  of  this  mixture  is  used  for  one  part  of  chrome  ore^ 
and  the  fusion  made  in  a  platinum  crucible,  closed  for  the  first  five 
minutes,  then  opened  for  about  forty  minutes,  frequently  stirring 
with  a  platinum  wire,  and  using  a  powerful  Bunsen  iiame.  The 
gas  blowpipe  hastens  this  method  considerably. 

The  above  described  methods  of  treating  the  ores  of  chromium,, 
so  as  to  obtain  complete  decomposition,  are  apparently  now  super- 
seded to  a  great  extent  by  the  use  of  sodic  peroxide,  but  the  action 
of  this  agent  is  so  energetic  upon  platinum,  gold,  silver,  nickel,  or 
porcelain  tliat  its  use  requires  great  care.  Many  well  known 
authorities  on  the  analysis  of  chrome  ores  use  a  basic  mixture 
such  as  was  first  suggested  by  Clark,  but  modified  by  Stead,  i.e.y 
magnesia  or  lime  four  parts,  potassic  and  sodic  carbonates  of  each 
one  part.  Clark's  original  mixture  of  magnesia  and  caustic  soda 
acts  on  platinum,  but  Stead's  mixture  does  not. 

The  fusion  is  made  by  mixin^r  the  very  finol.v  ground  sample  with  ten 
times  its  weight  of  the  basic  mixture  in  a  platinum  crucible,  and  heating  to 
bright  redness  at  the  ba<^k  of  a  gas  muffle  for  a))out  an  hour.  When  the 
crucible  is  removed  and  cool  the  mass  is  found  sintered  togetlier.  It  is 
removed  to  a  beaker,  and  the  crucible  washed  out  with  water  and  diUite 
sulphuric  acid.  The  decomposition  \f  generally  comi)leto,  but  if  any  black 
8i)eck8  are  found  they  must  be  separated  by  filtration,  dried,  and  again  fused 
with  some  of  the  basic  mixture;  finally  the  whole  is  mixed  with  excess  of 
ferrou*i  salt,  and  the  unoxidized  iron  titrated  with  bichromate  as  before 
described. 

Rideal  and  Rosenblum  (J.  S.  C.  1.  xiv.  1017)  give  a  series 
of  experiment-s  on  the  (estimation  of  chromium  in  ores,  steels,  etc., 
and  on  the  use  of  sodic  peroxide,  which  latter  they  find  has  a 
most  destructive  effect  on  all  kinds  of  vessels  in  which  tli^ 
decomposition  is  made — nickel  seems  the  best  material  if  not 
exposed  to  too  high  a  temperature,  but  they  found  also  that  a  good 
deal  of  nickel  was  dissolved  from  the  crucibles  by  the  sulphuric 
acid  used  to  dissolve  the  melt,  and  they  therefore  attach  great 
importance  to  the  filtration  of  the  aqueous  solution  of  the  melt,  so 
as  to  remove  nickel  and  iron  oxides,  wliich  otherwi.se  interfere  with 
the  titration  by  masking  the  colour  of  the  indicator. 
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Ferrochrome,  Chroxniiun  Steel,  etc. — Spiiller  and  K  aim  an 
(CJieiif.  Zeit,  xvii.  >^^0  and  1207)  describe  a  mctluKl  wliicli  gives 
goo<l  results,  hut  is  unfortunately  tedious  in  working. 

Process  for  Ferrochrome. — 0*35  j,mi.  of  the  firu*ly-po\V(U're<l  sain])le  first- 
uifted  tlirou'^h  linen  and  then  nibixxl  down  in  an  a><ato  mortar,  is  mixed 
witli  4  j:m.  of  sodium  jKToxide  and  H  >fm.  of  caustic  soda,  and  heated  in 
a  silver  dish  over  a  sli;(litly  smoky  flame.  The  temperature  is  ^ra«lually 
raised  m)  that  at  th(»  end  of  five  mirnitos  the  ed>,'e  of  the  mixture  boffins 
to  fuse,  and  after  a  further  i>eriod  of  ten  minutes  the  whole  mass  has 
become  liquid.  The  heatin}<  is  continue<l  for  lialf  an  liour  over  the  slii^htly 
smoky  flame  until  the  bottom  of  the  dish  is  coveretl  with  soot.  During  the 
la.Ht  quarter  of  an  hour  the  melt  in  stirred  with  a  silver  spatula.  The  attack 
of  the  fiTro-ehromium  is  then  complete  if  tlio  hejitin^  has  b«»en  conducted 
as  descrilHMl,  and  the  sjimplo  luus  been  |>owderod  suflicienlly  fine.  The  basin 
with  its  contents  is  allowed  to  cool  to  40^—50"  C,  freed  from  s(M)t,  and 
digested,  in  a  lar^je  h;'mispherical  |M»rcelain  dish,  with  hot  water.  The  dish 
is  then  removed  and  rinsini  into  the  basin.  The  loss  in  weij^ht  of  a  silver 
dish  weiphin^JT  about  :JH  pn.  may  l)e  as  much  as  00-t  0*05  gm.  for  a  sinj?le 
fusion.  The  aqueous  extnict  of  the  melt  contains  sodium  mani,'anato  and 
terrsite  as  well  as  chromate.  Only  tnices  of  sodium  jwroxide  remain,  as  the 
bulk  is  de^romiwsed  durin;f  solution.  Sodium  man^anate  and  ferrate  are 
removed  by  the  addition  of  successive  small  quantities  of  sodium  ]>eroxide, 
which  reduces  these  salts,  itself  underj^oin;^  simultaneous  re<luction.  A 
quantity  of  0*3— ()(J  pn.  is  usually  re(|uisite,  and  any  excess  that  nvn*  be 
added  is  j^ot  rid  of  either  by  allowing  the  solution  to  st^md  while  being 
kept  wann  for  some  hours,  or  jirefenibly  by  passing  ('O-  into  the  solution 
for  an  hour  and  heating  it  for  fifteen  minutes  on  a  wat<»r  or  suul  bath. 
By  the  latter  treatment  hydrogen  i»eroxide  is  libeRit«rd  fnnn  the  sodium 
peroxide,  and  Ix'in.L^  unstable  in  alkaline  solution  is  decomiM)sed  on  heating. 
Sixliuni  <*liromate  is  not  alTocted  by  excess  of  the  p<»roxide  in  alkaline 
solution.  (Mark  and  Ilideal  both  find  that  men^  l>oilin«,' for  ten  minutes 
is  sullicient  to  decom]»ose  the  excess  of  i>eroxide. 

The  aqueous  solution  of  the  melt  is  made  up  t)  500  c.<\,  the  content"* 
of  the  fla^k  allowed  to  stand  and  an  aliquot  ]>ortion  (r//.  lO'J  c.c.)  filtered 
fn»m  ferric  oxide,  etc.,  and  the  chromium  in  itdetennined  by  a  piTmanj^jinate 
wdution  of  which  1  c.c  <»quals  about  O'OJo  j^m.  of  iron,  and  a  solution  of 
ferrous  ammonium  suljdiale  containin;^  7  gm.  of  the  sjilt  in  oOi)  i\c..  The 
chromium  solution  is  diluted  with  1  liter  of  cold  water  which  h:Ls  been 
previously  boile*l  and  acidifltMl  with  20  c.c.  of  sulphuric  acid  (1  :  5  by  volume): 
100  c.c.  of  ferrous  ammonium  sulphate  are  added,  and  the  mixture  titrated 
back  with  permanj^mate.  The  strength  of  the  ferrous  solution  is  determined 
by  a  blank  experiment  under  similar  conditions. 

P/'o.vjT »/>>/•  Chromium  Steel :  The  material  is  di.xsolvcfl  in  dilute  sulphuric 
a«*id,  eva]M)nit<Ml  tx)  dryness  and  fu.se<l  with  caustic  soda  and  so<lium  peroxide, 
as  alxnt  <lescribed.  The  mass  is  di^^ested  with  water,  and  after  removal  of 
any  alkaline  man;^nat<»  or  ferrate  with  jK'roxide  and  decom]K)sin;f  excess  of 
the  littt-T  by  CO-  or  by  simple  lx)ilin>r,  the  solution  is  diluted  to  a  definite 
volume,  and  aliquot  portions  titnitetVas  before  mentioned. 

Rideal  and  Kosenblum  have  obtained  excellent  results  Avitli 
ferrochrome,  by  fusion  with  sodic  peroxide  alone.  The  manner  of 
procedure  was  as  follows  : — 

Abc>ut  0*5  ^m.  of  a  very  finely  powdered  ferrochrome  was  mixed  with 
3  gm.  of  sodic  peroxide  and  heated  very  gently  in  a  nickel  crucible,  until 
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the  mass  began  to  melt,  and  then  to  glow  by  itself.  The  heating  was  then 
continued  for  ten  minutes,  and  after  the  mass  was  partially  cooled  1  jjfm.  of 
sodic  i)eroxide  was  added  and  the  heating  continued  for  another  five  minutes. 

The  crucible,  when  still  moderately  warm,  was  placed  in  a  suitable 
porcelain  basin,  which  was  then  half  filled  with  hot  water  and  covered  with 
a  clock  glass.  The  melt  easily  dissolved  in  the  hot  water,  the  solution 
obtained  being  of  a  deep  purple  colour,  due  to  sodic  ferrate,  which  is 
abundantly  formed  during  the  fusion.  The  solution  also  contained  sodic 
manganate,  resulting  from  the  oxidation  of  the  manganese  which  is  present 
in  ferrochrome. 

To  decomjwse  both  these  salts  a  small  quantity  of  sodic  peroxide  was 
added,  on  which  the  solution  immediately  lost  its  purple  colour.  The 
i»olution  was  then  boiled  for  ten  minutes  to  decompose  the  excess  of  sodic 
peroxide  and  the  insoluble  residue  of  iron,  nickel,  and  manganese  oxide  was 
filtered  ofl*.  An  excess  of  sulphuric  acid  was  then  added  to  the  solution  and 
after  cooling  it  was  titrated  in  the  usual  m.anncr. 

Galbraith's  method,  modifiecl  somewhat  by  Stead  (Jour.  Iron 
and  Steel  Institute,  1893,  153),  is  considered  the  most  rapid  method 
for  the  estimation  of  chromium  in  irons  and  steels. 

The  sample  is  dissolved  in  dilute  sulphuric  acid,  filtered,  the  solution 
diluted  to  about  300  c.c,  and  heated  to  boiling.  Strong  solution  of  potassic 
permanganate  is  now  added  until  the  red  colour  is  permanent  for  ten 
minutes,  then  80  c.c.  of  10  per  cent,  hydrochloric  acid,  and  the  liquid 
heated  until  decolorized ;  150  c.c.  of  water  are  added,  about  100  c.c.  boiled 
•off  to  expel  the  chlorine,  and  the  chromium  is  then  titrated.  The  residue 
insoluble  in  dilute  sulphuric  acid  is  mixed  with  05  gm.  of  the  basic  mixture 
previously  mentioned,  and  heated  to  intense  redness  for  half  an  hour ;  the 
chromium  is  afterwards  titrated  in  hydrochloric  acid  solution  with  ferrous 
sulphate  and  bichromate. 

Another  process  consists  in  dissolving  2  gm.  of  the  sample  in  hydrochloric 
ucid ;  without  filtering,  the  liquid  is  nearly  neutralized  with  a  2  i)er  cent, 
solution  of  cau?«tic  soda,  and  after  diluting  to  30O  c.c,  10  c.c.  of  a  5  per  cent, 
solution  of  sodic  phosphate  and  30  gm.  of  sodic  thicsulphate  are  added.  After 
boiling  to  expel  the  SO'-,  20  c.c.  of  a  saturated  solution  of  sodic  acetate 
lire  added,  and  the  boiling  continued  for  five  minutes ;  the  precipitated 
chromium  phosphate  is  then  washed  with  a  2  per  cent,  solution  of  ammonium 
nitrate,  dried,  calcined,  and  fused  with  the  basic  mixture.  The  melt, 
dissolved  in  30  c.c.  of  hydrochloric  acid  and  150  c.c.  of  water,  is  boiled 
for  ten  minutes  and  titrated.  The  process  may  be  used  in  j>resence  of 
vanadium.  In  this  case,  the  chromium  must  be  titrated  by  means  of  ferrous 
sulphate  and  permanganate  in  presence  of  sulphuric  acid. 

R ideal  and  Rosenbl urn's  ex]>eriments  appear  to  show  that 
sodic  peroxide,  if  certain  conditions  be  observed  in  its  use,  is 
a  very  valuable  agent  for  the  analysis  of  chrome  ore,  ferro- 
•chrome,  and  chrome  steel,  as  it  removes  the  two  main  defects 
of  former  methods,  viz.,  the  necessity  of  repeated  fusion  to  effect 
complete  decomjx)sition  and  the  inconvenient  slowness  of  these 
processes.  The  conditions  which  should  be  observed  are  sum- 
marized by  them  as  follows  : — 

(1)  Great  care  should  be  taken  to  reduce  the  chrome  ore  or  the  ferro- 
chrome to  an  almost  impalpable  powder.  This  can  be  done  without  much 
difficulty  if  the  ore  or  the  alloy  be  crushed  in  a  steel  mortar  until  a  powder 
is  obtained  which  will  pass  through  a  linen  bag.     This  i)owder  is  then 
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ground  in  an  agate  mortar  to  tho  required  degree  of  fineness,  a  little  water 
being  added  to  facilitate  tho  grinding. 

(2)  The  water  solution  of  the  melt,  before  acidulation,  must  bo  freed 
from  an  excess  of  sodic  peroxide.  Whenever  sodium  ferrate  or  sodium 
manganate  is  formed  during  the  fusion  it  must  be  decomposed  in  the  water 
solution  of  the  melt. 

(3)  As  the  result  of  tho  analysis  depends  to  a  large  extent  u\yon  the 
titration,  and  especially  upon  a  clear  i)erception  of  its  final  point,  it  is 
important  that  the  solution  in  which  the  chrome  is  to  be  determined  should 
bo  as  free  as  possible  from  other  metallic  salts,  as  for  instance,  iron, 
manganese,  and  nickel  salts.  "VVo  have  also  observed  that  the  ferricyanide 
solution  which  is  used  as  an  indicator  is  most  satisfactory  when  it  contains- 
no  more  than  1  per  cent,  of  ferricyanide. 

COBALT. 

Co=r)9. 

Estiniatlon  by  Xerourio  Oxide  and  Fennaniranate  (Winkler). 

§  57.  If  an  n(iii(*ous  solution  of  cobnltoiis  chloride  or  sulphate  be 
treated  with  moist  finely  divided  mercuric  oxide,  no  decomposition 
ensues,  but  on  the  addition  of  pennanganate  to  tho  mixture, 
hyd rated  cobaltic  and  manganic  oxides  arc  precipitated.  It  is 
probable  that  no  definite  formula  can  be  given  for  the  reaction, 
and  therefore  pni(*tically  the  working  effect  of  the  j>ermanganate 
is  best  established  by  a  standard  solution  of  co])alt  of  known 
strength,  say  metallic  cobalt  dissolved  as  chloride,  or  neutral 
cobaltous  sulphate. 

Procesx :  The  sohition,  free  from  any  great  excess  of  acid,  is  place<l  in 
a  flask,  diluted  to  about  200  c.c,  and  a  tolcmble  quantity  of  moist  mercuric 
oxide  (precipitated  from  the  nitrate  or  i)erchloride  by  alkali  and  washed) 
added.  Permanganate  from  a  burette  is  then  slowly  abided  to  the  cold  solution 
with  constant  shaking  until  the  rose  colour  appears  in  tho  clear  Ii({uid  above 
the  bulky  brownish  precipitate. 

The  appearance  of  the  mixture  is  somewhat  puzzling  at  tho 
beginning,  but  as  more  j)emianganate  is  added  the  ])recipitato 
settles  more  freely,  and  the  end  as  it  approaches  is  very  easily 
distinguished.  The  final  ending  is  when  the  rose  colour  is 
persistent  for  a  minute  or  two ;  subsequent  bleaching  must  not 
be  regarded. 

The  actual  decomposition  as  between  cobaltous  suli)hate  and 
permanganate  may  be  fonnulated  thus — 

fiCoSO^  +  511^0  +  2MnK0^  =  K^SO^  +  5ir-'S0^  +  SCo^O'^  +  2^luO'' 

but  as  this  exact  decomposition  cannot  bo  depended  upon  in  all  the 
mixtures  occurring,  it  is  not  possible  to  accept  systematic  numbers- 
calculated  from  normal  solutions. 

Solutions  containing  manganese,  phosphorus,  arsenic,  active 
chlorine  or  oxygen  compounds,  or  organic  matter,  cannot  be  used 
in  this  estimation ;  moderate  (quantities  of  nickel  are  of  no 
conse(iuence. 
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Norm  an  McCulloch  {C,  N,  lix.  51)  has  proved  that  cobaltic 
•oxide,  as  cobalticyanide,  is  a  stable  compound,  and  makes  use  of 
this  fact  to  establish  a  process  which  gives  very  good  results,  by 
•conversion  of  cobaltocyanide  to  the  higher  state  of  oxidation,  the 
•estimation  of  the  oxygen  being  the  measure  of  the  cobalt  itself. 
The  method  is  exact  in  the  presence  of  nickel,  manganese,  lead, 
Arsenic,  zinc,  antimony,  uranium,  etc.,  but  not  in  that  of  iron  or 
•cop])er. 

The  standard  solutions  required  are  the  ordinary  -^j^  potassic 
1[)ichromate,  1  c.c.  of  which  represents  0'0059  gm.  of  Co,  and  an 
acid  solution  of  ammonio-ferrous  sulphate,  whose  strength  is  known 
by  titration  with  the  bichromate.  There  is  also  required  a  5  per 
cent,  solution  of  pure  i)otassic  cyanide,  and  a  solution  of  nickel 
sulphate. 

The  apparatus  recpiired  may  be  simply  a  12-oz.  flask,  fitted  with 
two-hole  stopper,  one  for  a  thistle  funnel  and  the  other  as  an 
escape  for  vapour.  The  mouth  of  the  funnel  should  be  somewhat 
constricted,  and  the  lower  end  must  dip  beneath  the  surface  of  the 
liquid  in  the  flask. 

Proceft :  The  standard  bichromate  and  cyanide  solutions  are  conveyed  in 
their  proper  quantities  to  the  flask  jabove  described,  a  few  drops  of  ammonia 
-added  for  subsequent  neutralization  of  any  free  acid  in  solution  to  be  tested, 
and  the  whole  diluted,  if  necessary,  to  a  convenient  bulk  with  water. 

The  amount  of  bichromate  taken  need  not  greatly  exceed  the  theoretical 
requirement  for  tlie  greatest  probable  quantity  of  cobalt  to  be  estimated,  but, 
with  the  cyanide,  an  alio  wane©  is  made  also  for  the  conversion  to  soluble 
double  C3"anidcs  of  such  other  metals  as  may  ]ye  ]>rcsent. 

The  cork  and  thistle-funnel  are  now  placed  in  position,  and  the  solution 
boiled  to  expel  air  from  the  flask.  The  hot  solution  to  be  tested,  of  con- 
venient bulk  and  not  too  acid,  and  free,  of  course,  from  oxidizing  or  reducing 
constituents,  is  now  added,  and  the  ensuing  reaction  is  instantaneously 
•complete. 

After  this  stage  the  continued  use  of  the  cork  and  thistle-funnel  is 
nece8.sary  only  in  presence  of  manganese. 

The  contents  of  the  flask  are  now  cautiouslv  treated  with  excess  of 
a  moderately  warm  coucentnited  solution  of  ammonic  chloride,  and  the 
ebullition  susbiined  for  about  ten  minutes  longer  to  expel  volatile  cyanide 
(an  opemtion  conducted  in  a  fume  chamber  or  in  a  draught  of  air  to  carry 
off  poisonous  fumes). 

It  now  remains,  preceding  the  estimation  of  non-reduced  chromic  acid 
with  ferrous  salt,  to  throw  down  soluble  cobaltocyanide  and  decompose 
potassium-nickel  c\'anide  by  the  addition  of  nickel  sulphate.  This  is  to 
prevent  the  subsequent  formation  of  ferrous  cobtiltocyanide  and  double 
cyanide  of  iron  and  nickel  respectively — compounds  difficultly  soluble  in 
dilute  acid — and,  consequently,  low  results.  To  effect  the  above  precipitation, 
a  weight  of  nickel  is  required  at  least  equal  to  that  of  the  nickel  and  cobalt 
existing  in  the  contents  of  the  flask,  but  if  such  acids  as  arsenic  and  phosphoric 
are  present  more  is  needed,  as  their  precipitation  is  involved.  Simply,  the 
solution  of  nickel  is  added  until  no  further  precipitate  is  formed,  or  until  the 
precipitate  settles  in  a  peculiar  manner,  to  be  known  by  exi)crience ;  great 
excess  of  nickel  is  thus  avoided,  which  would  tend  to  interfere  with  the 
ferrioyanidc  reaction  in  the  subsequent  operation. 

The  contents  of  the  flask  are  now  i)ourcd  into  excess  of  a  hot  aqueous 
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solution  of  sUndard  ferrous  salt  contained  in  a  basin,  acidified  with  a  few 
drops  of  hydrochloric  acid,  and  titrated  with  bichromate  in  usual  wav. 

The  cobalt  i«  calculate*!  by  multiplying  the  difference  between  the  number 
of  c.c.  of  bichromate  taken  at  the  outset  of  the  estimation  and  that  found 
at  tho  completion,  by  OOOoO,  and  correctinj^  this  by  a  sli^'ht  ullowance  for 
reducing  a<!tion  of  tho  potjis'sic  cyanide  and  its  impurities  on  tho  chromate. 
In  the  author's  cate  this  correction  was  taken  from  experiment,  and  it  was 
deemed  suthciently  near  to  accept  tho  reducing?  action  of  the  <'yanide  as 
f»imply  proyM)rtionate  to  the  quantity  of  this  reagent  used  in  the  estimation, 
although  it  is  not  altogether  inde])endent  of  the  ])roportion  and  amount 
of  the  bicrhromato,  the  <iegrec  of  dilution,  length  of  time  of  boiling,  etc. 
The  result  showed  that  100  c.c.  of  the  bichromate  Iwiled  for  a  few  miimtes 
with  its  own  bulk  of  tho  cyanide,  and  then  for  about  ten  miimtcs  more  with 
addition  of  excess  of  amnionic  chloride,  lost  in  value  to  the  extent  of  about 
one  c.c,  which  was  deducted  from  the  amount  of  biidiromate  reduced  by  the 
cobaltocyanido  in  such  estimations,  using  the  above  bulk  of  cyanide,  a  fifth 
of  this  for  25  or  30  c.c,  and  so  on.  It  is,  of  course,  advisable,  where  tho 
highest  jwjcunicy  is  desired,  to  determine  the  necessary  correction  by  a  blank 
experiment,  and  dupli(.*ating  also  the  approximate  quantity  of  cobalt. 

It  is  best  to  separate  iron  as  well  as  coj>per,  and  m  the  case  of  a  cobalt  ore 
the  author  would  di.««solve  the  Kunple  in  aqua-regia,  and  eva])orate  to  dryness. 
The  nitric  acid  would  then  be  <iestro3vd  by  two  or  three  evaponitions  to 
dryness  with  hydrochloric  acid,  and  the  copper  precipitated  from  the  solution 
of  the  residue  by  8ul])huretted  hydrogen.  In  tho  filtrate  from  sulphide 
the  iron  would  be  separated  by  tlie  wietato  of  soda  method,  and  tho  iron 
precipitate  re-<lissolved  and  re-precipitated  in  a  similar  way  to  separate  any 
small  ]K)rtion  of  cobalt.  The  combined  filtrates  from  the  acetate  ]»recipitates 
would  be  evaiH)ratOil  to  convenient  bulk,  and  the  excess  of  acid  neutralized 
by  sodic  hydnite  or  carl)onate.  The  solution  so  obtaine<l  would  then  be  added 
to  suitable  amounts  of  bichromate  and  cvanide,  as  described  alwve. 

Examplet :  O'lM  gm.  Co  taken  and  25*4  c.c.  respective! v  of  bichromate 
and  cyanide  used.  The  volume  of  bichromate  reduced,  allowing'  for  the 
correction,  was  10  2  cc  =  l'n3  gm.  Co.  Again,  O'l  14  gm.  Co  and  0*228  gm. 
Ni  taken,  25  cc  of  bichromate  and  50  c.c.  of  cyanide  used,  tho  volume  of 
the  former  re<luc<Hl  was  191  c.c.=^0*112  gm.  Co.  Ktpiall}'  good  results  were 
obtained  with  mixtures  of  manganese,  lead,  arsenic,  etc. 


COFFEB. 

Cu=C)3. 

1  cc.  ^Q  solution— 0*0063  gm.  Cu. 
Iron  X  l-12r)         =Cu. 
Double  Iron  Salt  x  0-1607=Cu. 

1.    Boduction  by  Qrape  Sugur  and  subseqaent  titration  with  Ferric 

Chloride  and  Fermanflranate  (Sohwarz). 

j5  58.  Tiii8  p^oc(^s.s  is  based  upon  the  fact  that  gm]K*  sugar 
precipitates  cujjfous  oxiib^  frc3in  an  alkaline  solution  of  the  nietiil 
containing  tartaric  acid ;  tho  oxide  so  obtained  is  collected  an<l 
mixed  with  ferric  chloride  and  hydrochloric  acid.  The  result  is 
the  following  decomposition  :  — 

Cu-C)  +  Fe-'Cr*'  +  2IICl=:2CuCl-  +  2FeC12  +  II-U 

Each  ecpiivalent  of  copper  reduces  one  equivalent  of  ferric  to  ferrous 


176  VOLUMETRIC   ANALYSIS.  §    58. 

chloride,  which  is  estimated  by  permanganate  with  due  precaution. 
The  iron  so  obtained  is  calculated  into  copper  by  the  requisite  factor. 

Procent :  The  weighed  substance  is  brought  into  solutiou  by  nitric  or 
sulphuric  acid  or  water,  in  a  porcelain  dish  or  glass  flask,  and  most  of  the 
acid  in  excess  saturated  with  sodic  carbonate ;  neutral  potassic  tartrate  is  then 
added  in  not  too  large  quantity,  and  the  precipitate  so  produced  dissolved  to 
a  clear  blue  liquid  by  adding  caustic  jwtash  or  soda  in  excess ;  the  vessel  i» 
next  heated  cautiously  to  about  50°  C.  in  the  water  bath,  and  sufficient 
grape  sugar  added  to  precipitate  the  copper  present;  the  heating  is  continued 
until  the  precipitate  is  of  a  bright  red  colour,  and  the  upper  liquid  is 
brownish  at  the  edges  from  the  action  of  the  alkali  on  the  sugar :  the  heat 
must  never  exceed  IK)**  C.  When  the  mixture  has  somewhat  cleared,  the 
upper  fluid  is  poured  through  a  moistened  Alter,  and  afterwards  the  precipitate 
brought  on  the  same,  and  washed  with  hot  water  till  thoroughl}'  clean ;  the 
precipitate  which  may  adhere  to  the  dish  or  flask  is  well  washed,  and  the 
filter  containing  the  bulk  of  the  protoxide  put  with  it,  and  an  excess  of 
solution  of  ferric  chloride  (free  from  nitric  acid  or  free  chlorine)  added, 
together  with  a  little  sulphuric  acid ;  the  whole  is  then  warmed  and  stirred 
until  the  cuprous  chloride  is  all  dissolved.  It  is  then  filtered  into  a  good- 
sized  flask,  the  old  and  new  filters  being  both  well  washed  with  hot  water,  to 
which  at  first  a  little  free  sulphuric  acid  should  be  added,  in  order  to  be 
certain  of  dissolving  all  the  oxide  in  the  folds  of  the  paper.  The  entire 
solution  is  then  titrate  with  permanganate  in  the  usual  way.  Bichromate 
may  also  be  used,  but  the  end  of  the  reaction  is  not  so  distinct  as  usual,  from 
the  turbidity  produced  by  the  presence  of  copi)er. 

2.    Beduotion  by  Zinc  and  subsequent  titration  with  Ferric  Chloride 

and  Fermanffanate  (Fleitmann). 

The  metallic  solution,  free  from  nitric  acid,  bismuth,  or  lead,  is 
])recipitated  with  clean  sticks  of  pure  zinc ;  the  copper  collected, 
washed,  and  dissolved  in  a  mixture  of  ferric  chloride  and  hydro- 
chloric acid :  a  little  sodic  carbonate  may  be  added  to  expel  the 
atmospheric  air.     The  reaction  is — 

Cu  +  Fe2Cl<^=:CuC12  +  2reC12. 

When  the  copper  is  all  dissolved,  the  solutiou  is  diluted  and 
titrated  with  permanganate;  56  Fe=31*5  Cu. 

If  the  original  solution  contains  nitric  acid,  bismuth,  or  lead, 
tlie  decomposition  by  zinc  must  take  j)lace  in  an  ammoniac4il 
solution,  from  which  the  ])recipitates  of  either  of  the  above  metals 
have  been  removed  by  filtration ;  the  zinc  must  in  this  case  be 
finely  divided  and  the  mixture  warmed.  The  copper  is  all 
precipitated  when  the  colour  of  the  solution  has  disappeared.  It 
is  washed  first  with  hot  water,  then  with  weak  HCl  and  water  to 
remove  the  zinc,  again  with  water,  and  then  dissolved  in  the  acid 
and  ferric  chloride  as  before. 

3.    Estimation  as  Cuprous  Iodide  (E.  O.  Brown). 

This  excellent  method  is  based  on  the  fact  that  when  potiissic 
iodide  is  mixed  with  a  salt  of  coi)per  in  acid  solution,  cuprous 
iodide  is  precipitated  as  a  dirty  white  powder,  and  iodine  set  free. 
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If  the  latter  is  then  immediately  titi'Jitcd  with  thiosul])hate  ami 
starch,  the  corresponding  (quantity  of  copper  is  found. 

The  solution  of  the  mettil,  if  it  contain  nitric  acid,  is  evaporated 
with  sulphuric  acid  till  the  former  is  expelled,  or  the  nitric  acid  is 
neutralized  with  sodic  carbonate,  and  acetic  acid  added ;  the 
fiulphate  solution  must  bo  neutral,  or  only  faintly  acid ;  excess  of 
acetic  acid  is  of  no  consetjuence,  and  therefore  it  is  always 
necessary  to  get  rid  of  all  free  mineral  acids  and  work  only  with 
free  acetic  acid. 

J.  AV.  Westmoreland  (/.  S.  C.  I.  v.  51),  who  has  had  very  large 
experience  in  (examining  a  variety  of  cop])er  products,  strongly 
recommends  thus  pro(!ess  for  the  estimation  of  coj>per  in  its  various 
ores,  etc.  Tlie  metjil  may  very  conveniently  be  separated  from  a  hot 
sulphuric  acid  solution  by  sodic  thiosulphate  :  this  gives  a  flocculent 
precipitate  of  subsulphide  mixed  with  sidphur,  which  filters  readily, 
and  can  ha  washe<l  with  hot  wat(;r.  Arsenic?  and  antimony,  if 
present,  are  also  ])recipitiited ;  tin,  zinc,  iron,  nickel,  cobalt,  and 
manganese  are  not  precipitated.  On  igniting  the  j>recipitnte  most 
of  the  arsenic  and  the  excess  of  sulphur  is  expelled,  an  impure 
subsulpliide  of  coj>per  b(;ing  left.  Sulphuretted  hydrogen  may  of 
course  be  used  instea<l  of  the  thiosulphate,  but  its  use  is  objection- 
able to  many  operators,  besi<le  which,  under  some  (.'ircumstanties, 
a  small  amount  of  copper  remains  in  the  solution,  and  moreover 
iron  in  small  (piantity  is  also  j)recipitated  with  the  co])per,  and 
cainiot  1)0  entirely  removed  by  washing.  If  ll-S  is  used  it  should 
be  ]>assed  for  some  time,  an<l  the  precipitate  allowed  to  stand  a  few 
hours  to  settle — after  filtration  and  washing  the  CuS  should  be 
redissolved  in  1L\()''  and  reprecipitate<l  with  the  gas,  it  is  then  ([uiUi 
free  from  iron. 

StandardizinflT  the  Thiosulphate  Solution. — This  may  be  done  on 
j)ur(i  electrotype  copi>er,  but  this  is  not  always  pure,  and  the  safest 
standard  is  liigh  conductivity  wini,  dissolved  first  in  nitric  acid, 
boiling  to  exjHil  nitrous  fumes,  diluting,  neutralizing  with  sodic 
carbonate  till  a  precipit^ite  occurs,  then  adding  acetic  acid  till  clear. 
The  li(piid  is  then  madti  up  to  a  definite  volume,  and  a  quantity 
ef|ual  to  about  0'')  gm.  Cu  tikciu  in  a  Hask  or  beaker,  about  ten 
times  the  cop])er  weight  <>f  potassic  iodide  added,  and  when 
dissolved  the  thiosulphate;  is  run  in  from  a  burette  until  the  free 
iodine  is  nearly  removed,  add  then  some  starch,  and  finish  the 
titration  in  the  usual  way.  The  thiosulphate  will  of  course  need 
to  be  checked  o(;casionally. 

If  strictly  ^^  thiosuli)hate  is  used,  each  c.c.  =0*0063  gm.  Cu. 

Process  :  For  estimatiii<(  the  copper  in  iron  P3rrit08  or  burnt  ore  6  gin.  of 
the  Bubatanoe  should  be  taken,  2  >cin.  for  30—40 ''/,  mattes  or  1  ^nn.  for 
60  °'^  mattes,  and  with  precipitates  it  is  best  to  disLsoIvo  say  5  j^m.  and  dihito 
to  a  definite  volimie,  and  take  as  much  as  would  represent  from  0*5  to  07  pm. 
of  Cu  for  titration.  The  solution  is  made  with  nitric  acid,  to  which  hydrochloric 
As  also  added  later  on,  and  then  evaporated  to  dryness  with  excess  of  sulphuric 

N 


178  VOLUMETRIC  ANALYSIS.  §    58. 

acid  to  convert  the  bases  into  sulphates ;  the  residue  is  treated  with  warm 
water  and  any  insoluble  PbSO^,  &c.,  filtered  off.  The  filtrate  is  heated  to 
boilin)^  and  precipitated  with  sodic  thiosulphate,  this  precipitate  is  filtered 
off,  washed  with  hot  water,  dried,  and  roasted,  the  resulting  copper  oxide  is 
then  dissolved  in  nitric  acid,  and  after  the  excess  of  acid  is  chiefly  removed 
by  evaporation  sodic  carbonate  is  added,  so  as  to  precipitate  part  of  the 
copper  and  ensure  freedom  from  mineral  acid,  acetic  acid  is  added  till 
a  clear  solution  is  obtained ;  about  ten  parts  of  potassic  iodide  to  one  of 
copper,  supposed  to  be  present,  are  then  added,  and  the  titration  carried  out  in 
the  usual  way. 

A  modification  of  this  process  is  adopted  in  the  United  States 
(Peters,  Enrf,  and  Min.  Journ.  lix.  124)  as  follows : — 

In  the  treatment  of  ores  1  f^m.  is  heated  with  hot,  stron;^  nitric  acid;  to 
which  is  then  added  strong  hydrochloric  acid.  After  boiling,  strong 
sulphuric  acid  is  added,  and  the  volatile  acids  evaporated  off.  After 
diluting,  the  PbSO^,  &c.,  is  filtered  off,  and  the  solution,  which  should  not 
exceed  75  c.c,  is  nui  into  a  beaker,  at  the  bottom  of  which  is  a  strip  of 
aluminium  3  in.  long,  14  in.  >vide,  and  turned  up  at  the  ends  so  that  the 
body  of  the  strip  can  lie  flat.  The  coi)])cr  is  all  precipitated  after  boiling  for 
six  or  seven  minutes.  The  liquid  is  filtered  off,  and  the  loose  and  adherent 
copper  is  all  dissolved  in  a  little  nitric  acid.  To  this  is  added  half  a  gram 
of  chlorate  of  potish,  to  fully  oxidize  any  arsenic  present,  and  the  solution 
boiled  down  to  small  bulk,  but  not  sufliciently  low  to  produce  a  basic  salt 
of  copper.  The  solution  is  then  neutralized  with  ammonia,  acidified  with 
acetic  acid,  and  titrated  in  the  usual  manner. 

This  treatment  removes  all  interfering  impurities  or  renders  them  inert. 
Zinc  is  not  such  a  good  ])recipitant  for  the  copper  as  aluminium,  as  some 
iron  is  also  carried  down  even  from  strongly  arid  solutions.  When  aluminium 
is  used,  the  preci])itatiou  may  be  effected  without  boiling  by  adding  a  little 
hvdrochloric  acid  to  the  solution,  but  this  is  not  so  desirable  as  the  method 
desrribeil.  For  the  success  of  the  titration  it  is  essential  that  no  free  nitric 
acid  or  nitrate  of  copper  be  present.  Cold  ammonia  in  excess  does  not, 
apparently,  entirely  decompose  the  latter,  hence  the  necessity  for  boiling. 
Care  must  be  taken  that  the  aluminium  contains  no  copper,  or  if  it  does 
its  quantity  must  be  known. 

By  either  of  the  above  methods  there  is  no  interference  from 
arsenic  or  bismuth,  so  long  as  no  free  mineral  acid  is  j)resent. 

4.    Estixnatlon  by  Potassic  Cyanide  (P>rkes  and  C.  Hohr). 

This  w(;ll-known  and  much-used  process  for  estimating  copper 
de])ends  u[)on  the  decoloration  of  an  ammoniacal  solution  of  copper 
by  potassic  cyanide.  The  reaction  (Avliich  is  not  absolutely  uniform 
with  varial)le  (juantities  of  ammonia)  is  such  that  a  double  cyanide 
of  eopj)er  an<l  ammonia  is  formed;  cyanogen  is  also  liberated,  wliicli 
reacts  on  the  free  annnonia,  producing  urea,  oxalate  of  urea, 
annnonic  cyanide  and  formate  (Liebig).  Owing  to  the  influence? 
exercised  bj  variable  quantities  of  ammonia,  or  its  neutral  salts, 
upon  the  decoloration  of  a  copi>cr  solution  by  the  cyanide,  it  has 
been  suggested  by  Beringer  to  substitute  some  other  alkali  for 
neutralizing  the  free  acid  in  the  copper  solution  other  than 
ammonia.  The  suggestion  has  been  adopted  by  Davies  ((7.  N. 
Iviii.    131)   and    by    Fessenden   {C,   N.    Ixi.    131),    who    both 
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rccomnieiul  sodic  carbonate,  !^^y  own  exiKjriments  completely 
confirm  tlieir  statement  that  none  of  the  irregularity  common  to 
variable  (jiiantities  of  ammonia  or  its  salts  ociciirs  with  soila  or 
|>otiush.  8uj)pose  for  example  that  copper  has  ])een  separated  as 
sulphide,  and  brought  into  solution  by  nitric  acid,  the  free  nitro- 
sulphuric  acid  is  neutralized  with  Na-CO'',  and  an  excess  of  it 
added  to  redissolve  the  pre(*ipitate.  The  cyanide  solution  is  tlien 
cautiously  ran  into  the  light  blue  solution  until  the  colour  is  just 
discharged.  Afy  own  exi>erience  is,  that  it  is  imi>ossible  to 
redissolve  the  whole  of  the  precipitate  without  using  a  very  large 
excess  of  soda ;  but  there  is  no  need  to  add  such  an  excess,  as 
the  i)reci])itatH  easily  dissolves  when  the;  cyanide  is  addetl. 
I  have  used  a  modification  of  this  method,  which  gives  excellent 
results,  viz.,  t^)  neutralize  the  acid  cojijjer  solution  either  with 
Xa-'CO'  or  NalK),  add  a  trifiing  excess,  and  then  1  c.c.  of 
ammonia  0*900  s[).  gr. ;  a  deep  blue  clear  solution  is  at  once  given, 
which  permits  of  very  sharp  end-reaction  with  the  <;yanide. 

J.  J.  ami  C.  IJeringer  (C.  N,  xlix.  iii.)  have  already  adopted 
the  method  of  neutralizing  the  acid  cup))er  solution  with  soda, 
then  adding  ammonia,  but  tlie  i)roportion  they  recommend  is  larger 
than  necessary. 

« 

In  stmcbirdizing  the  cyanide,  it  is  advisable  to  arrange  so  that 
copper  is  precipitatc«l  with  s<;da  exactly  as  in  the  titration  of 
a  coi)])er  pn?  ;  that  is  U)  say,  free  nitric  or  nitro-sul])huric  acid 
sluml*!  be  added,  then  neutralized  with  slight  excess  uf  soda, 
ch?ared  with  1  c.<'.  of  ammonia,  then  titratiMl  M'ith  cyanide.  Large 
jpiantities  of  nitrate  or  sul])hate  of  soda  or  ])otash,  howevtyr,  make 
very  little  diflerence  in  the  <piantity  of  (jyanide  used.* 

It  h.is  j:i'noRilly  been  thou^^lit  that  where  copper  and  iron  occur  t();/olhor, 
it  is  necessirv  to  sejarate  the  latter  before  usini^  the  i'vaniilc.  F.  I'ield, 
however,  has  stat^ni  that  this  is  not  ncressary  (C  iV'.  i.  25) ;  an  I  I  can  fully 
endorse  his  stit-Mnont  that  the  presence  of  tho  susjjonded  ferri<;  oxide  is  no 
hindnince  lo  the  estimation  of  the  copper  ;  in  farrt,  it  is  rather  an  advantage, 
as  it  a<"ts  as  an  indicator  to  tho  end  of  the  process. 

While  the  <'0]»per  is  in  excess,  the  oxide  iK>^sesses  a  puqdish-brown  colour, 
but  as  this  excess  lessfMis,  the  colour  ])e!.'onies  i;ra<lually  U.-^hter,  until  it  is 
oran;;e  brown.  If  it  be  now  allowed  to  settle,  which  it  does  very  ra]»idly,  the 
clear  li<iuid  a)>ove  will  be  found  nearly  col- airless.  A  littlo  practice  is  of 
course  necessary  to  enable  the  openitor  to  hit  the  exact  point. 

It  is  imp<»ssible  to  se])ai-ate  the  ferric  oxide  by  filtration  without 
leaving  some  co])i)er  in  it,  and  no  amount  of  washing  will  remove 
it.  F«>r  example,  10  c.c.  of  a  co]>per  solution  with  10  c.c.  oi  ferric 
scduti(Hi  were  directlv  titrated  with  cvani<le  after  treatment  with 
Xall< )  in  slight  excess  and  1  c.c.  of  ammonia.  Tin?  cvanide 
rerpiircd  was  12  c.c.  Another  10  c.c.  of  the  same;  copper  and  iron 
solutions  were  then  precipitated  with  soda  and  amnnmia  in  same 
])ro]K)rtions.  This  gave  a  complete  solution  of  the  copper  with  the 
fcrri*.*  oxide  suspended  in  it.  The  solnti«ai  was  tiRered  and  the 
ferric  o\i<le  well  washed  with  hot  water,  then  the  iiltrat(?  cooled  and 
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titrated  with  cyanide,  9  "5  c.c.  only  being  required.  Oil  treating  the 
ferric  oxide  on  the  filter  with  nitric  acid,  neutralizing  with  NaHO 
and  XIP  in  proper  proportions  exactly,  2*5  c.c.  of  cyanide  were 
required,  showing  that  the  ferric  oxide  had  retained  20  per  cent, 
of  the  copper. 

I  strongly  recommend  that  operators  who  have  to  deal  with 
copper  determination  upon  samples  containing  much  iron,  should 
I)racti3e  the  use  of  the  cyanide  method  in  the  presence  of  the  iron, 
and  accustom  their  eyes  to  the  exact  colour  which  the  ferric  oxide 
takes  when  the  titration  is  finished,  always,  however,  with  tliifl 
proviso,  that  the  cyanide  solution  is  standardized  upon  a  known 
weight  of  copper  in  tlie  presence  of  a  moderate  amount  of  iron. 

The  solution  of  potassic  cyanide  should  be  titrated  afresh  at 
intervals  of  a  few  days.  Further  details  of  this  process  are  given 
in  S  58.8. 

Dulin  {J(tur.  Amer.  Chem.  Soc.  xvii.  346)  advocates  the  cyanide 
process  for  copper  ores  as  follows : — 

Process :  The  oro  is  treated  in  the  way  described  i  ii  §  58.3  to  obtain  a  solution 
of  the  copper  practically  free  from  silver  and  load.  The  cop|>er  is  then  pre- 
cipitated ui>on  aluminium  foil  as  there  mentioned.  Should  cadmium  be 
present  it  is  also  precipitated  to  some  extent,  but  only  after  the  copper 
is  thrown  down.  If  care  be  taken  to  stop  the  boiling  immediately  after 
the  copper  is  precipitated,  which  a  practised  e3'e  will  readily  detect,  the 
amount  of  cadmium  precipitated  is  so  tmall  as  to  cause  no  sensible  error. 
The  liquid  bcinj^  decanted  from  the  copper  and  foil,  the  latter  Are  washed 
well  with  hot  \Tater,  taking'  care  to  lose  no  metal ;  when  quite  clean,  dilute 
nitric  acid  is  added  and  boiled  till  the  copi>er  is  dissolved,  the  liquid  then 
neutralized  with  excess  of  ammonia,  and  titrated  with  cyanide  in  the 
usual  way. 

5.    Estimation  as  Sulphide  (Pel ouzo). 

It  is  first  necessary  to  have  a  solution  of  pure  copper  of  known 
strength,  which  is  best  made  by  dissolving  39*523  gm.  of  pure 
cu])ric  sulphate  in  1  liter  of  water ;  each  c.c.  will  contain 
0-01  gm.  Cu. 

Precipitation  in  Alkaline  Solution. — This  process  is  based  on  the 
fact  that  if  an  ammoniacal  solution  of  copper  is  heated  to  from 
40''  to  80"  C,  and  a  solution  of  sodic  sulphide  added,  the  whole 
of  the  copper  is  precipitated  as  oxysidphidc,  leaving  the  liquid 
colourless.  The  loss  of  colour  indicates,  therefore,  the  end  of  the 
process,  and  this  is  its  weak  point.  Special  practice,  however,  will 
enable  the  operator  to  hit  the  exact  point  closely. 

Example:  A  measured  quantity  (say  50  c.c.)  of  standard  solution  of  copper 
is  freely  supersaturated  with  ammonia,  and  heated  till  it  begins  to  boil. 
The  temperature  will  not  be  higher  than  80"*  C.  in  consequence  of  the 
presence  of  the  ammonia ;  it  is  always  well,  however,  to  use  a  thermometer. 
The  sodic  sulphide  is  delivered  cautiously  from  a  Mohr's  burette,  until  the 
last  traces  of  blue  colour  have  disappeared  from  the  clear  liquid  above  the 
precipitate.  The  experiment  is  repeated,  and  if  the  same  result  is  obtained, 
the  number  of  c.c.  required  to  precipitate  the  amount  of  copper  contained 
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in  50  c.c.-^0'5  ^rm.,  is  marked  upon  tlio  alkaline  sulphide  bottle.  As  the 
stren>rth  of  the  solution  gnwlually  deteriorates,  it  must  be  titrated  afresh  every 
day  or  two.  Special  regard  must  be  liad  to  the  temperature  of  the  precipi- 
tation, otherwise  the  accuracy  of  the  process  is  seriously  interfered  with. 

Casa major  (C  iV.  xlv.  167)  uses  instead  of  ammonia  the  alkaline 
tartrate  solution  same  as  for  Fell  ling,  adding  a  slight  excess  so  as 
to  make  a  clear  blue  solution.  The  addition  of  the  sulphide  gives 
an  intense  black  ])rown  precipitate,  whicli  is  stirred  vigorously  till 
clear.  The  copper  sulphide  agglomerates  into  curds,  and  the 
reagent  is  added  until  no  further  ai^tion  occurs  with  a  drop  of 
the  soilic  sulphide.  This  modification  can  also  he  used  for  lead. 
PbSO^  is  easily  soluble  in  the  tartrate  solution,  and  can  ))e  estimated 
by  the  sodic  sulphide  in  the  same  way  as  copper. 

The  colour  of  the  solution  is  not  regarded,  but  the  clotty 
l>recij)itate  of  sulphide,  which  is  easily  cleared  by  vigorous  stirring. 
Very  good  results  may  be  gained  ))y  this  modification. 

Coi)iH*r  can  also  be  first  s(»])arated  by  glucose,  or  as  thiocyanate 
(Rivot),  then  dissolved  in  IIXO'',  and  treated  with  the  tartrate. 

Precipitation  in  Acid  Solution. — The  copper  solution  is  placed 
in  a  tall  stop])ered  tlask  of  tolerable  size  (400  or  500  c.c),  freely 
acidified  with  hydrochloric  acid,  then  diluted  with  a])out  200  c.c. 
of  hot  water. 

The  alkaline  sulphide  is  then  delivered  in  from  a  burette, 
the  stopper  replaced,  ami  the  mixture  well  shaken  ;  the  precipitate 
of  copper  sulphide  settles  readily,  leaving  tlie  supernatant  liciuid 
clear ;  fresh  sulphide  solution  is  then  at  intervals  added  until  no 
more  precipitiitc  occurs.  TIk;  calculation  is  the  same  as  in  the  case 
of  alkaline  precipitation,  but  the  copper  is  j)recipitated  as  [niro 
sulphide  instead  of  oxysidphide. 

6.    Estimation  by  Stannoua  Chloride  (Weil). 

Tliis  process  is  based  on  the  fact,  tliat  a  solution  of  a  cupric  salt 
in  large  excess  of  hydrochloric  aciil  at  a  l)oiliiig  heat  shows,  even 
wdien  the  smallest  trace  is  present,  a  greenisli-yellow  colour.  If  to 
such  a  solution  stj\nnous  chloride  is  added  in  minute  excess,  a 
colourless  cuprous  (;hlori(h^  is  i»roduced,  and  the  loss  of  colour 
indicates  the  end  of  the  process. 

L>CuCr-^  +  SnCl'i—Cu'iCr'^  +  SnCl^. 

The  change  is  easily  distinguisliable  to  the  eye,  but  should  any 
doubt  exist  as  to  whetlier  stannous  chloride  is  in  excess,  a  small 
j>ortion  of  the  solution  may  be  tested  with  mercuric  chloride.  Any 
precipitate  of  calomel  indicates  the  presence  of  stannous  chloride. 

The  tin  solution  is  prepared  as  described  in  S  37.2. 

A  standard  copper  solution  is  made  by  dissolving  ])ure  cupric 
sulphate  in  distilled  water,  in  the  proportion  of  39*523  gm.  per 
liter=10  gm,  of  Cii. 
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Process  for  Copper  alone. — 10  c.c.  of  the  copper  8olution=0'l  gm.  of 
Cii  are  put  into  a  white-glass  flask,  25  c.c.  of  pure  strong  hydrochloric  acid 
added,  placed  on  a  sand-bath  and  brought  to  boiling  heat ;  the  tin  solution  is 
then  quickly  delivered  in  from  a  burette  until  the  colour  is  nearly  destroyed, 
finally  a  drop  at  a  time  till  tlie  liquid  is  as  colourless  as  distilled  water.  No 
oxidation  will  take  x)lace  during  the  boiling,  owing  to  the  'flask  being  filled 
with  acid  vaiK)ur8. 

A  sample  of  copper  ore  is  ])repared  in  the  usual  way  by  treatment  with 
nitric  acid,  which  is  afterwards  removed  by  evaporating  with  sulphuric  acid. 
Silicji,  lead,  tin,  silver,  or  arsenic,  are  of  no  consequence,  as  when  the  solution 
is  diluted  with  water  to  a  definite  volume,  the  precipitates  of  these  substances 
settle  to  the  bottom  of  the  measuring  flask,  and  the  clear  liquid  may 
be  taken  out  for  titration.  In  case  antimonic  acid  is  present  it  will  be 
reduced  with  the  cop])cr,  but  on  exposing  the  liquid  for  a  night  in  an  open 
basin,  the  copper  will  be  completely  re-oxidized  but  not  the  antimony; 
a  second  titration  will  then  show  the  amount  of  copper. 

Process  for  Ores  containing  Copper  and  Iron. — In  the  case  of  copper 
ores  where  iron  is  also  present,  the  quantity  of  tin  solution  required  will  of 
course  represent  both  the  iron  and  the  copper.  In  this  case  a  second  titration 
of  the  original  solution  is  made  with  zinc  and  permanganate,  and  the  quantity 
so  found  is  deducted  from  the  total  quantity;  the  amount  of  tin  solution 
corresponding  to  copper  is  thus  found. 

Example :  A  solution  was  prepared  from  10  gm.  of  ore  and  diluted  to 
250  c.c:  10  c.c.  required  26*75  c.c.  of  tin  solution  whose  strength  was 
10-2  c.c.  for  01  gm.  of  Cu. 

10  c.c.  of  ore  solution  were  diluted,  warmed,  zinc  and  platinum  added  till 
reduction  was  complete,  and  the  solution  titrated  with  pennanganate  whoso 
quantity=0'0809  gm.  of  Fe. 

The  relative  strength  of  the  tin  solution  to  iron  is  18*34  c.c.=0'l  gm. 
of  Fe :  thus*: 

63  :  56         =0*1     :     0*0888. 

therefore  O'l  gm.  of  Cu=0-0S88  gm.  of  Fe=16*2  c.c.  of  SnCl^ 
whence     0*0888     :     0-l=16*2     :     18*34. 
thus  00809  Fe  (found  above)=:  14*837  c.c.  of  SnCP 

01     :     0  0809=18*34     :     14*837  hence 

Iron  and  cojipr  =    26*750  c.c.  SuCl- 

Subtract  for  iron  =     14*837 


Leaving  for  copper  11*913 

10  c.c.  of  ore  solution  therefore  contained  16*2  :  0*1  :  :  11*913=0*0735  gra. 
of  Cu,  and  Jis  10  gm.  of  ore=250  c.c.  contained  1*837  gm.  of  Cu=18*37  per 
cent.     Analysis  by  weii^'ht  :us  a  control  gave  18*34  per  cent.  Cu. 
Fe  volumetricaily  20*25  per  cent.,  by  Aveight  20* lO  per  cent. 

The  method  is  specially  adapted  for  the  technical  analysis  of 
falil-ores. 

Process  for  Ores  containing:  Nickel  or  Cobalt. — The  ore  is  dissolved 
in  nitric  or  nitro-hydrochloric  acid,  then  nearly  neutralized  with  sodic 
carbonate,  diluted  with  cold  water,  and  freshly  precipitated  baric  carbonate 
and  some  amnionic  chloride  added;  the  whole  is  well  mixed  together, 
producing  a  precijiitate  containing  all  the  copper  and  iron,  while  the  nickel 
or  cobalt  remains  in  solution ;  the  precipitate  is  first  washed  by  decantation, 
collected  on  a  filter,  well  washed,  then  dissolved  in  hydrochloric  acid,  and 
titrated  with  stannous  chloride  as  before  described. 
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Xethod  for  Copper,  Iron,  and  Antimony. — The  nccos<an'  solutions 
arc: — (1)  Standard  copper.  lO'WJT  gm.  of  copper  sulphate  ure  ditnolved 
in  water  to  500  c.c.  (2)  A  similar  solution  containing  7'8G7  ^in.  of  copper 
sulphate.  (3)  Standard  tin  tolntion.  4*5  to  5  ^pu.  of  stannous  chloride, 
and  230  ;^i.  of  HCl.  are  nndc  up  to  500  c.c.  ^nth  water.  This  solution  is 
standardize<l  with  No.  1,  10  c.c.  of  which  solution  should  lx»  mixed  with 
25  c.c.  hydrochloric  acid,  boiled,  and  the  tin  solution  to  be  standardized  run 
in  until  the  trrecn  colour  disjipi>eur». 

Estimation  of  Copper. — 5  \i\\\.  of  substance  are  dissolved  in  HCl  or 
II-SO*,  and  made  up  to  250  c.c.  10  c.c.  of  this  solution  are  t-iken,  25  c.c. 
UCl  added,  and  then  titrated  as  above. 

Estimation  of  Iron. — "When  there  are  2\  vols,  of  froo  IICl  to  1  vol.  of 
the  ferric  solution  no  indi<*ator  is  necessary,  and  tlie  st:uidard  tin  •»olution  is 
run  in  until  the  ir<m  solution  is  colourless  ;  in  this  way  the  quantity  of  iron 
is  obtained  in  terms  of  cop]K»r.  Of  solutions  containin.ic  2  irm.  of  tho  sjuni)le 
in  250  c.c,  10  c.f.  are  evaporated  in  a  porcelain  capsule,  with  10  c.c.  of  the 
cop]>er  solution  (No.  2) ;  to  tho  concentrate<l  mixed  solution  lar^o  excess 
(about  75  c.c.)  of  UCl  is  added,  and  this  is  titrated  with  the  tin  solution  as 
before.  Of  course  tho  tin  required  for  the  copper  used  must  l>e  deducted. 
The  copper  is  used  as  an  indicator,  and  is  not  required  with  substances 
containing  more  than  2  per  cent,  of  iron. 

Estimation  of  Iron  and  Copper. — 5  gm.  of  ore  in  250  c.c.  Titrate  as 
before  directed.  In  another  10  c.c.  of  solution,  precipitate  the  copj>er  with 
zinc,  iilter,  reconvert  the  ferrous  into  ferric  salt  by  means  of  ^)ermanganate, 
and  titrate  the  iron  a^^iin. 

Estimation  of  Antimony.— In  making  up  the  250  c.c.  in  this  c:u«,  it  is 
necessary  to  u«e  aqueous  .solution  of  tartaric  acid  to  prevent  precipitation  of 
antimony.  The  solution  of  antinumic  chloride  is  mixed  with  No.  1  copper 
solution  and  a  largo  cxci'.«*s  of  IICI,  then  titrated;  the  c.c.  of  stindard  tin 
solution  use<l  indicates  the  sum  of  the  Cu  and  Sb.  If  tho  mixed  solution  of 
cuprous  and  antimonious  chloride  is  allowed  to  remain  some  hours  the  Cu 
becomes  re-oxidized,  but  tho  Sb  does  not,  therefore  a  secon<l  titnition  gives 
the  quantity  of  Cu  only ;  this  is  scarcely  required  when  the  strength  and 
volume  of  copiHjr  .solution  added  is  known. 

Antimony,  Copper,  and  Iron,  when  together  in  same  sam])le,  are  thus 
detenninetl.  5  gni.  substance  are  dis-solved  in  nitric  acid,  evaporated  down, 
and  filtered.  The  filtrate  contains  iron  and  copiHjr,  which  are  determined  as 
above  directed.  The  precipitate  contains  all  the  antimony ;  it  is  dissolve<l  in 
UCl,  treated  with  permang:mate,  and  the  antimonic  chloride  detennined  as 
directed. 

This  process  depends  on  the  nnlucing  action  of  stannous  chloride.  It  is 
therefore  necessjiry  to  get  rid  of  extraneous  oxidizing  influences,  such  as 
free  chlorine,  nitric  acid,  or  excess  of  |)erraanganato,  et<?.,  before  titration; 
this  is  efre<*ted  by  eva}>orating  to  dryness,  taking  up  with  hydrochloric  acid, 
and  rei)cating.  until  the  solution  or  vapour  evolved  on  boiling  ceiLses  to  turn 
iodized  st:ircli-paper  blue. 

All  the  above  desenbod  AVeil  methods  must  only  be  taken  aa 
approximately  accurate,  but  sufficiently  so  for  technical  use. 

7.    Volhard's  method. 

The  necessary  standard  solutions  are  described  in  §  43.  Each  c.c. 
of  j^  thiocyanate  represents  0*0063  gm.  Cu. 
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Process :  The  copper  in  sulphuric  or  nitric  acid  solution  is  evaporated  to 
remove  excess  of  acid,  or  if  the  acid  is  small  in  quantity  neutralized  with 
sodic  carbonate,  washed  into  a  300  c.c.  flask,  and  enough  aqueous  solution  of 
SO-  added  to  dissolve  the  tracos  of  basic  carbonate  and  leave  a  distinct  smell 
of  80-.  Heat  to  boiling,  and  run  in  from  a  burette  the  thiocyanate  until  the 
addition  produces  no  ciiaiifce  of  colour,  add  3  or  4  c.c,  and  note  the  entire 
quantity,  allow  to  cool,  fill  to  mark,  and  shako  well.  100  c.c.  are  then  filtered 
through  a  dry  filter,  10  c.c.  of  ferric  indicator  with  some  nitric  acid  added, 
then  titrated  with  x^  silver  till  colourless:  then  again  thiocyanate  till  the 
reddish  colour  occurs.  The  volume  of  silver  solution,  less  the  final  correction 
with  thioc^-anatc,  deducted  from  the  original  thiocyanate,  will  give  the 
volume  of  the  latter  required  to  precipitate  the  copper. 

The  proceSvS  is  not  accurate  in  presence  of  Fe,  Ag,  Hg,  CI,  I  or  Br. 

8.    Technical  Exaxnination  of  Copper  Ores  (Steinbeck's 

Process): 

In  1867  the  Directors  of  the  Mansfield  Copper  ^Mines  offered 
a  premium  for  the  best  method  of  examining  these  ores,  the  chief 
conditions  being  tolerable  accuracy,  simplicity  of  working,  and  tho 
possibility  of  one  operator  making  at  least  eighteen  assays  in  the  day. 

The  fortunate  competitor  was  Dr.  Steinbeck,  whose  process 
satisfied  comi)letely  the  requirements.  The  whole  report  is  con- 
tained in  Z.  a.  C.  viii.  1,  and  is  also  translated  in  C.  N.  xix.  181. 
The  following  is  a  condensed  vri^imr  of  the  process,  the  final 
titration  of  the  copper  being  accomplished  by  potassic  cyanide  as 
in  §  58.4.  A  very  convenient  arrangement  for  filling  the  burette 
with  standard  solution  where  a  series  of  analyses  lias  to  be  made, 
and  the  burette  continually  emptied,  is  shown  in  fig.  40 ;  it  may 
be  refilled  by  simply  blowing  upon  the  surface  of  the  liquid. 

{a)  The  extraction  of  the  Copper  from  the  Ore. — 5  ^^u.  of  pulverized 
ore  are  put  into  a  flask  with  from  40  to  50  c.c.  of  hydrochloric  acid  (specific 
gravity  1*16),  whereby  all  carbonates  are  converted  into  chlorides,  while 
carbonic  acid  is  expelled.  After  a  while  there  is  added  to  the  fluid  in 
the  flask  (5  c.c.  of  a  special  nitric  acid,  preparetl  by  mixin<f  equal  hulks  of 
water  and  pure  nitric  acid  of  1*2  sp.  gr.  As  regards  certain  ores,  however, 
specially  met  with  in  the  district  of  Mansfield,  some,  having  a  very  high 
percentage  of  sulphur  and  bitumen,  have  to  be  roasted  previous  to  being 
subjected  to  this  process ;  and  others,  again,  require  only  1  c.c.  of  nitric  acid 
instead  of  6.  The  flask  containing  the  assay  is  digested  on  a  sand-bath  for 
half  an  hour,  and  the  contents  boiled  for  about  fifteen  minutes;  after  which 
the  whole  of  the  copper  occurring  in  the  ore,  and  all  other  metals,  are  in 
solution  as  chlorides.  The  blackish  residue,  consisting  of  sand  and  schist, 
has  been  proved  by  numerous  experiments  to  be  either  entirely  free  from 
copper,  or  to  contain  at  the  most  only  0*01  to  0'03  per  cent. 

(ft)  Separation  of  the  Copper. — The  solution  of  metallic  and  earthy 
chlorides,  and  some  free  HCl,  obtained  as  just  described,  is  separated  by 
filtration  from  the  insoluble  residue,  and  the  fluid  run  into  a  covered  beaker 
of  about  400  c.c.  capacity.  In  this  beaker  a  rod  of  metallic  zinc,  weighing 
about  50  gm.,  has  been  previously  placed,  fastened  to  a  piece  of  e>tout 
platinum  foil.  The  zinc  to  be  iLseii  for  this  purpose  should  be  as  much  as 
possible  free  from  lead,  and  at  any  rate  should  not  contain  more  than  from 
01  to  0'3  per  cent,  of  the  latter  metal.    The  precipitation  of  the  copper  in 
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the  metullic  ittate  wt«  in  alrouUy  durinit  the  fillraticin  of  tlio  niirm  nnJ 
conc^ntrateil  fluiil,  nnd  i^,  nninit  enpocially  nlao  to  the  ciitiro  abHcntc  of 
nitric  aciil,  comjileiely  flninhed  in  from  Imlt  tn  thrcc-<iiinrtert"  of  nii  iiour  »fWr 
the  be},niiiiin>c  of  the  liltintion.  If  the  fluid  bo  t<Mtd  with  SH%  no  Irono 
of  copier  ran  or  nhoiild  ho  detected :  tlie  sjiongy  metal  piirtly  roveni  tho 
pbitinnni  fuil.  pnrtlr  doatK  nboiit  in  the  liquid,  sini  in  cato  either  tlie  oro 
i(Klf  or  the  xiiir  applieil  in  tlie  experinipnt  (.'ontaincil  ItKid.  vuialt  quantilien 
of  tbat  metal  will  aivoinpany  the  prodpitated  oopper.  After  the  e*w*<  at 
Eino  (for  an  exnwi  luiii't  nlmiyB  be  eniplnyRd)  haii  been  Tcmoved,  the  nictal  is 
repeatedly  and  rarefiilly  H-avhed  by  decanliition  with  frc^h  waliir,  and  caro 
taken  to  collwl  lORCther  every  parlicle  of  the  fpoiigy  majw. 


Fiu.  40. 

(e)  Emtlmatlon  Of  the  precipitated  Copper.  — To  thn  spon^'y  metiilliR 
mn.'vi  in  tlio  bralier  i:h»n,  wherein  the  platinum  foil  is  left,  vinee  Mime  of  the 
metal  adherpH  to  it,  8  e.c.  of  Ihe  upecial  nitric  Aoid  nre  addeil,  anil  the  cojiper 
dissolved  by  tho  ud  of  nioiicrate  heat  in  the  fonn  of  ciipric  nitmte,  which, 
in  tho  eveiit  of  uny  diiiall  qniLiitily  of  lead  beiiiK  present,  will  or  course  be 
uantnminiited  with  lead. 

Wheu  copper  ores  jiro  dealt  with  contniiiioK  above  C  per  cent,  of  copper, 
which  may  tie  approximately  estimated  from  the  bulk  of  the  spongy  ma."s  ol 
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precipitat^Kl  metal,  16  c.c.  of  nitric  acid,  instead  of  8,  are  applied  for 
dissolving  the  metal.  The  solution  thus  obtained  is  left  to  cool,  and  next 
mixed,  immediately  before  titration  with  potassic  cyanide,  with  10  c.c.  of 
special  solution  of  liquid  ammonia,  prepared  by  diluting  1  volume  of  liquid 
ammonia  (sp.  gr.  0*03)  with  2  volumes  of  distilled  water. 

The  titration  with  cyanide  is  conducted  as  described  in  §  58.4. 

In  the  case  of  such  ores  as  yield  over  G  per  cent,  of  copper,  and  when  a 
double  quantity  of  nitric  acid  has  consequently  been  used,  the  solution  is 
diluted  with  water,  and  made  to  occupy  a  bulk  of  100  c.c. ;  this  bulk  is  then 
exactly  divided  into  two  portions  of  50  c.c.  each,  and  each  of  these  separately 
mixed  with  10  c.c.  of  ammonia,  and  the  copper  therein  volumetrically 
determined.  The  deep  blue  coloured  solution  only  contains,  in  addition  to 
the  copper  compound,  amnionic  nitrate ;  any  lead  which  mii^ht  have  been 
di*Jsolved  having  been  precipitated  as  hydrated  oxide,  which  does  not  interfere 
with  the  titration  with  cyanide.  The  solution  of  the  last-named  salt  is  so 
arranged,  that  1  c.c.  thereof  exactly  indicates  0*005  gm.  of  copper  (about 
21  gm.  of  the  pure  salt  per  liter).  Since,  for  every  assay,  5  gm.  of  ore  have 
been  taken,  1  c.c.  of  the  titration  fluid  is  equal  to  0*1  per  cent,  of  copper, 
it  hence  follows  that,  by  multiplying  the  number  of  c.c.  of  cyanide  solution 
used  to  make  the  blue  colour  of  the  copper  solution  disap|)ear  by  0*1,  the 
percentage  of  copper  contained  in  the  ore  is  immediately  ascertained. 

Steinbeck  tested  this  method  sj^ecially,  in  order  to  see  M^hat 
influence  is  exercised  thereupon  by  (1)  auimonic  nitrate,  (2)  caustic 
ammonia,  (3)  lead.  The  copper  used  for  the  experiments  for  this 
purpose  was  pure  metal,  obtained  by  galvanic  action,  and  was 
ignited  to  destroy  any  organic  matter  which  might  accidentally 
adhere  to  it,  and  next  cleaned  by  placing  it  in  dilute  nitric  acid. 
5  gm.  of  this  metal  were  placed  in  a  liter  flask,  and  dissolved  in 
2G6*G  c.c.  of  special  nitric  acid,  the  flask  gently  heated,  and,  after 
cooling,  the  contents  diluted  with  w'ater,  and  thus  brought  to  a 
bulk  of  1000  c.c.  30  c.c.  of  this  solution  were  always  applied  to 
titrate  one  and  the  same  solution  of  cyanide  under  all  circumstances. 
When  5  gm.  of  ore,  containing  on  an  average  3  [)er  cent,  of  copper, 
are  taken  for  assay,  that  (juantity  of  copper  is  exactly  equal  to 
0*150  gm.  of  the  chemically  pure  copper.  The  quantity  of  nitric 
acid  taken  to  dissolve  5  gm.  of  pure  copper  (266*6  c.c.)  was 
purposely  taken,  so  as  to  correspond  with  the  quantity  of  8  c.c.  of 
special  nitric  acid  which  is  applied  in  the  assay  of  the  copper 
obtained  from  the  ore,  and  this  quantity  of  acid  is  exactly  met 
with  in  30  c.c.  of  the  solution  of  pure  copper. 

The  influence  of  double  quantities  of  ammonic  nitrate  and  free 
caustic  ammonia  (the  quantity  of  copper  remaining  the  same)  is 
shown  as  follows  : — 

(a)  30  c.c.  of  the  normal  solution  of  copper,  containing  exactly  0*150  gm. 
of  copper,  were  rendered  alkaline  with  10  c.c.  of  special  ammonia,  and  were 
found  to  require,  for  entire  decoloration,  29*8  c.c.  of  cyanide.  A  second 
exi>eriment,  again  with  30  c.c.  of  copper  .solution,  and  otherwise  under 
identically  the  same  conditions,  required  29"9  c.c.  of  cyanide.  The  average 
is  29*85  c.c. 

(b)  "When  to  30  c.c.  of  the  copper  solution,  first  8  c.c.  of  special  nitric 
acid  are  added,  and  then  20  c.c.  of  special  ammonia  instead  of  only  8,  whereby 


§  58.  COPPER.  187 

the  quantity  of  free  ammonia  and  of  ammonic  nitrate  is  double  wliat  it  was 
in  the  case  of  a,  there  is  roiiuircd  of  the  ssinie  cyanide  .HOO  c.c.  to  produce 
decoloration.  A  re])etition  of  the  experiment,  exactly  under  the  same 
conditions,  j^ave  30*4  (!.c.  of  the  cyanide;  the  aveni^'e  is,  therefore,  H()'35  c.c. 
The  difference  amounts  to  only  005  per  cent,  of  copper,  which  may  be 
allowed  for  in  the  final  calculation. 

Wlion,  howcvei',  larger  quantities  of  ammoiiiacal  salts  are  present 
in  the  fluiil  to  be  assayed  for  copper,  by  means  of  cyanide,  and 
especially  when  amnionic  carbonate,  sulphate,  and  >\or30  still, 
chloride  are  simultiineonsly  present,  these  salts  exert  a  very  dis- 
turbing influence.*  The  j>resence  of  lead  in  the  cop])er  solution 
to  be  assayed  has  the  effect  of  producnig,  on  tin*  addition  of  10  c.c. 
of  normal  ammonia,  a  milkiness  with  tlie  blue  tint :  but  this  does 
not  at  all  int<'rfere  with  the  estimation  of  the  copper  by  means 
of  the  cyanide,  provided  tlie  lead  be  not  in  great  excess  ;  artd  a 
slight  milkiness  of  tlie  solution  even  promotes  the  visibility  of  the 
approaching  end  of  tluj  operation. 

Steinbeck  purposely  made  some  experiments  to  test  this  point, 
and  liis  results  show  that  a  moderate  (quantity  of  lead  has  no 
influence. 

Experiment'^  were  also  carefully  made  to  ascertain  the  influence 
of  zinc,  the  result  of  which  showe<l  that  u|)  to  5  per  cent  of  the 
<M)ppcr  pr(?sent,  the  zinc  had  no  disturbing  action;  but  a  considerable 
variation  occurred  as  th(i  percentage  increased  above  that  j)ro])ortion. 
Care  must  therefore  always  bo  taken  in  washing  tlie  spongy  co])])er 
precipitiitful  from  the  ore  solution  by  means  of  zinc. 

The  titration  must  always  take  place  at  oiilinavy  temperatures, 
since;  heating  the  ammoniacal  solution  while  under  titration  to  40' 
or  45'  C.  considerably  riMluces  the  quantity  of  cyanide  required. 

9.     Estimation  of  Copper  by  Oolour  Titration. 

This  methoil  can  be  adoj)ted  with  very  accurate  results,  as  in  the 
ca.se  of  iron,  and  is  available  for  slags,  poor  cupreous  pyrites, 
waters,  etc.  (see  Carnelly,  C.  N,  xxxii.  308). 

The  reagent  used  is  the  same  as  in  the  case  of  irt^n,  viz.,  potassic 
ferrocyanide,  which  gives  a  purple-brown  colour  with  very  dilute; 
solutions  of  copper.  This  reaction,  however,  is  not  so  delicate  as 
it  is  with  ir«)n,  for  1  part  of  the  latter  in  13,000,000  j)arts  of  water 
can  be  detected  by  means  of  potassic  ferrocyanide ;  while  1  part 
of  cojjper  in  a  ncMitnil  solution,  containing  ammonic  nitrate,  can 
only  be  detected  in  2,500,000  jmrts  of  water.  Of  the  coloured 
reactions  Avhicli  copper  gives  with  different  reagents,  those  with 
sulphuretted  hydrogen  and  potassic  ferrocyanide  are  by  far  the 
most  delicate,  both  showing  their  respective  colours  in  2,500,000 
parts  of  water. 

*  I  have  retained  this  technical  process  in  its  original  form,  notwithstanding  the  use 
of  ammonia,  because  it  is  systematic,  and  the  results  obtained  by  it  arc  all  comparable 
amonir  themselves.  Of  course  soda  or  potash  may  be  used  in  place  of  ammonia,  if  the 
cyanide  is  standardized  with  them. 
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Of  tlie  two  reagents  sulphuretted  hydrogen  is  the  more  delicate ; 
but  potassic  ferrocyanide  has  a  decided  advantage  over  sulphuretted 
hydrogen  in  the  ifact  that  lead,  when  not  present  in  too  large 
quantity,  does  not  interfere  with  the  dcj)th  of  colour  obtained, 
whereas  to  sulphuretted  hydrogen  it  is,  as  is  well  known,  very 
sensitive.*"' 

And  though  iron  if  ])resent  would,  without  special  precaution 
being  taken,  prevent  the  determination  of  copper  by  means  of 
ferrocyanide ;  yet,  by  the  method  as  described  below,  the  amounts 
of  these  metals  contained  together  in  a  solution  can  be  estimated 
by  this  reagent. 

Amnionic  nitrate  renders  the  reaction  much  more  delicate;  other 
salts,  as  amnionic  chloride  and  potassic  nitrate,  have  likewise  the 
same  effect. 

The  method  of  analysis  consists  in  the  comparison  of  the 
purple-brown  colours  produced  by  adding  to  a  solution  of  potassic 
ferrocyanide — first,  a  solution  of  copper  of  known  strength ;  and, 
secondly,  the  solution  in  which  the  copper  is  to  be  determined. 

The  solutions  and  materials  required  are  as  follows  : — 

( 1 )  Standard  Copper  solution. — Prepared  by  dissolving  0*395  gm. 
of  pure  CuSO^,  r)H'-0  in  one  liter  of  water.     1  c.c.  =  0*1  m.gm.  Cu. 

(2)  Solution  of  Amnionic  nitrate. — !Made  by  dissolving  100  gm. 
of  the  salt  in  one  liter  of  water. 

(3)  l^otassic  ferrocyanide  solution. — 1   :  25. 

(4)  Two  glass  cylinders  holding  rather  more  than  150  c.c.  each, 
the  ])oint  equivalent  to  that  volume  being  marked  on  the  glass. 
They  must  both  be  of  the  same  tint,  and  as  colourless  as  possible. 

A  burette,  graduated  to  j^  c.c.  for  the  copper  solution ;  a  5  c.c. 
pipette  for  the  ammonic  nitrate  ;  and  a  small  tube  to  deliver  the 
ferrocyanide  in  drops. 

Process :  Five  drops  of  the  potassic  ferrocyjiuido  are  placed  in  each 
cylinder,  and  then  a  measured  quantity  of  the  neutral  solution  in  which 
the  cop])er  is  to  be  detennined  is  X)laced  into  one  of  them,  and  both  filled 
up  to  the  mark  with  distilled  water,  5  c.c.  of  the  anmionic  nitrate  solution 
added  to  each,  and  then  the  standard  copper  solution  ran  gradually  into 
the  other  till  the  colours  in  both  cylinders  are  of  the  same  depth,  the 
liquid  being  well  stirred  after  each  addition.  The  number  of  c.c.  used  are 
then  read  off.  Each  c.c.  corresponds  to  01  m.gm.  of  copper,  from  which 
the  amount  of  copper  in  the  solution  in  question  can  be  calculated. 

The  solution  in  which  the  copper  is  to  be  estimated  must  be 
neutral ;  for  if  it  contain  free  acid  the  latter  lessens  the  depth  of 
colour,  and  changes  it  from  a  purple-brown  to  an  earthy  brown. 
If  it  should  be  acid,  it  is  rendered  slightly  alkaline  with  ammonia, 
and  the  excess  of  the  latter  got  rid  of  by  boiling.  The  solution 
must  not  be  alkaline,  as  the  brown  coloration  is  soluble  in  ammonia 

*  lu  colour  titrations  of  tliis  cliaracter  it  is  essoutial  that  the  comparisons  be  made 
under  the  same  circumstances  as  to  tempeniture,  dilution,  and  admixture  of  foreign 
subetauces,  otherwise  serious  errors  will  arise. 
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and  decomposod  by  potosli  or  soda  ;  if  it  be  alkaline  from  ammonia, 
this  is  remcdietl  as  before  by  boiling  it  off;  while  free  potjish  or 
soda,  should  they  be  present,  are  neutralized  by  an  acid,  and  the 
latter  by  ammonia. 

Lead,  when  present  in  not  too  large  ([uantity,  lias  little  or  no 
effect  on  the  accuracy  of  the  method.  The  precipitate  obtained  on 
adding  potassic  ferrocyanide  to  a  lead  salt  is  white  ;  and  this,  except 
when  present  in  comparatively  large  (piantity  with  respect  to  the 
copper,  does  not  interfere  with  the  comparison  of  the  colours. 

When  copper  is  to  be  estimated  in  a  solution  containing  iron, 
the  following  method  is  adojjted  : — 

A  few  drops  of  nitric  acid  arc  added  to  tho  solution  in  order  to  oxidize  the 
iron,  tho  liquid  eva]>orated  to  a  small  bulk,  and  the  iron  precipitated  by 
ummonia.  Even  when  very  small  quantities  of  iron  are  present,  this  ran  l)e 
done  easily  and  completely  if  there  be  only  a  very  small  quantity  of  fluid. 
Tho  precipitate  of  ferric  oxide  is  then  filtered  off,  washed  once,  dissolved  in 
nitric  acid,  and  re-precipitHte<l  by  ammonia,  filtered  and  washe<l.  The  iron 
precipitate  is  no\v  free  from  copper,  and  in  it  the  iron  can  be  estimated  by 
dissolving  in  nitric  acid,  making  the  solution  nearly  neutral  with  ammonia, 
and  determining,'  the  iron  by  the  method  in  §  (HA.  The  filtrate  from  the 
iron  precipitate  is  boiled  till  the  ammonia  is  completely  driven  off,  and  the 
copper  estimated  in  the  solution  so  obtained  as  already  described. 

AVhen  tlie  solution  containing  copper  is  too  dilute  to  give  any 
coloration  directly  with  ferrocyanide,  a  measured  quantity  of  it 
must  be  evaporated  to  a  small  bulk,  and  filtered  if  necessary ; 
and  if  it  conUiin  iron,  also  treated  as  already  described. 

In  the  determination  of  copper  and  iron  in  water,  for  which  the 
method  is  specially  applicable,  a  measured  (piantity  is  evaporated 
to  dryness  with  a  few  drops  of  nitric  acid,  ignited  to  get  rid  of  any 
orgjinic  matter  that  might  colour  the  liquid,  dissolved  in  a  little 
boiling  Avater  and  a  drop  or  two  of  nitric  acid  ;  if  it  is  not  all 
soluble  it  does  not  matter.  Ammonia  is  next  added  to  j)recii)itatc 
the  iron,  the  latter  filtered  olf,  washed,  re-dissolved  in  nitric  acid, 
and  again  precipitJited  by  ammonia,  filtered  off,  and  Wiished.  The 
filtrate  is  added  to  the  one  previously  obtained,  the  iron  estimated 
in  the  precii)itate,  and  the  copper  in  tho  united  filtrates. 

CTANOGEN. 

CX=26. 

1  c.c.  i^Jj  silver  solution =0*0052  gm. 

Cyanogen. 
==^0-0054  gm. 

Hydrocyanic  acid. 
=0-01302  gm. 

Potassic  cyanide. 
„     y^  iodine  solution=0*003255  gm. 

Potassic  cyanide. 


)j  >> 


j>  j> 
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1.    By  Standard  Silver  Solution  (Liebiff). 

§  59.  This  ready  and  accurjite  method  of  estimating  cyanogen 
in  pnissic  acid,  alkaline  cyanides,  etc.,  Avas  discovered  by  Liebig, 
and  is  fnlly  described  in  Ajm.  tier  C/tevi.  und  Fhann,  Ixxvii.  102. 
It  is  based  on  the  fact,  that  when  a  solution  of  silver  nitrate  is 
added  to  an  alkaline  solution  containing  cyanogen,  with  constant 
stirring,  no  permanent  precipitate  of  silver  cyanide  occurs  until  all 
the  cyanogen  lias  combined  with  the  alkali  and  the  silver,  to  form 
a  soluble  double  salt  (in  the  presence  of  potash,  for  example, 
KCy,  AgCy).  If  the  slightest  excess  of  silver,  over  and  above  the 
i[uantity  required  to  form  this  combination,  be  added,  a  permanent 
precipitate  of  silver  cyanide  occurs,  the  double  compound  being 
destroyed.  If,  therefore,  the  silver  solution  be  of  known  strength, 
the  quantity  of  cyanogen  present  is  easily  found ;  1  eq.  of  silver 
in  this  case  being  equal  to  2  ec^.  cyanogen. 

So  fast  is  this  double  combination,  that,  when  sodic  chloride  is 
present,  no  permanent  precipitate  of  silver  chloride  occurs,  until 
the  quantity  of  silver  necessary  to  form  the  compound  is  slightly 
overstepped. 

Siebold,  however,  has  pointed  out  that  this  process,  in  the  case 
of  free  hydrocyanic  acid,  is  liable  to  serious  errors  uidess  the 
following  precautions  are  observed  : — 

(a)  The  solution  of  sodic  or  potassic  hydrate  yhould  be  placed  in  tlio 
beaker  first,  and  the  hydrocyanic  acid  added  to  it  from  a  burette  dipping* 
into  the  alkali.  If,  instead  of  this,  the  acid  is  placed  in  the  beaker  liryt, 
and  the  nlkaline  hydrate  added  afterwards,  there  may  be  a  sli<:ht  loss  by 
evaponition,  which  becomes  appreciable  whenever  there  is  any  delay  in  the 
addition  of  the  alkali. 

(b)  Tiie  mixture  of  hydrocyanic  acid  and  alkali  should  be  lar^rely  diluted 
with  water  before  the  silver  nitrate  is  added.  Tlie  most  suitable  proportion 
of  water  is  from  ten  to  twentv  times  the  volume  of  the  oflicinal  or  of 
Scheele's  acid.  AVitli  such  a  degree  of  dilution,  the  final  point  of  the 
reaction  can  be  observed  with  greater  precision. 

((')  The  amount  of  alkali  used  should  be  as  exactly  as  possil)le  that 
required  for  the  conversion  of  the  hydrocn'anic  acid  into  alkaline  cyanide, 
as  an  insufliciencv  or  an  cxce-s  both  affect  ihe  accuracy  of  the  result.  It  in 
advisable  to  make  first  a  rouj^h  estimation  with  excess  of  soda  as  a  guide, 
then  finish  with  a  solution  us  neutral  as  possible. 

Caution. — In  using  the  pipette  for  measuring  hy<lrocyanic  acid, 
it  is  advisable  to  insert  a  plug  of  cotton  wool,  slightly  moistt^ned 
with  silver  nitrate,  into  the  upper  end,  so  as  to  avoid  the  danger 
of  inhaling  any  of  the  acid ;  otherwise  it  is  decidedly  preferable 
to  weigh  it. 

Hxample  wilh  Commercial  Potassic  Cyanide :  The  quantity  of  this  sub- 
stance necessjiry  to  be  taken  for  analysis,  .so  that  each  c.c.  or  dm.  shall  be 
equal  to  1  per  cent,  of  the  pure  cyanide,  is  130  ^'m.  or  130  grn.  13  grains, 
therefore,  of  the  commercial  article  were  dissolved  in  water,  no  further  alkali 
bein^^  necessary,  and  54  dm.  -/V  i'ilver  required  to  produce  the  permanent 
turbidity.    The  sample  therefore  contained  5-i  per  cent,  of  real  cyanide. 
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8.    By  Standard  Merourio  Chloride  (Hannay). 

This  convenient  method  is  fully  tlescribed  by  the  author  {J.  C.  S. 
1878,  245),  and  is  well  adapted  for  the  technical  examination  of 
commercial  cyanides,  etc.,  giving  good  results  in  the  presence  of 
cyanates,  sulphocyanates,  alkaline  salts,  and  comjK)unds  of  ammonia 
and  silver. 

The  standard  solution  of  mercury  is  made  by  dissolving  13*537 
gm.  HgCr-^  in  water,  and  diluting  to  a  liter.  Each  c.c.=0'00651  gm. 
of  potassic  cyanide  or  0*0026  gm.  Cy. 

Process:  Tiio  cy.'^nide  is  dissolvetl  in  wator,  and  the  beaker  placed  upon 
black  ]»aper  or  velvet ;  ammonia  is  then  added  m  moderate  quantity,  and 
the  mercuric  solution  cautiously  added  with  constant  stirrin^f  until  a  bluish- 
white  opalescence  is  permanently  produced.  With  pure  substances  the 
reaction  is  very  delicate,  but  not  so  accurate  with  imjiure  mixtures  occurrinj^ 
in  commerce. 

3.    By  Iodine  (Fordos  and  Oelis). 

This  process,  which  is  principally  aj)])licable  to  alkaline  cyanides, 
depends  on  the  fact,  that  when  a  solution  of  iodine  is  athled  to  one 
of  j)otassic  cyanide,  the  iodine  loses  its  colour  so  long  as  any 
undccomposed  cyanide  remains.  The  reaction  may  be  exi)ressed 
by  the  following  fonuula  : — 

CyK  +  2r  =  IK  +  ICy. 

Therefore,  2  ecp  iodiiu*.  rejiresent  1  e«p  cyanogen  in  combination;  so 
that  1  c.c.  of  j'Jy  iodine  expresses  the  half  of  y^oTuT  ^'U-  cyanogen 
or  its  compounds.  The  end  of  the  reaction  is  known  by  the 
yellow  colour  of  the  iodine  solution  Ijecoming  permanent. 

Commercial  cyanides  are,  however,  goiu^rally  contaminated  with 
caustic  or  monocarbonate  alkalies,  which  would  e(iually  destroy 
the  colour  of  the  iodine  as  the  cyanide ;  consequently  tlujse  must 
be  convertecl  into  bicarbonates,  best  done  by  adding  carbonic  acid 
water  (ordinary  soda  water). 

Example :  5  ^m.  of  potassic  cyani<le  were  wcii^hod  and  dissolved  in  500  c.c. 
water;  then  10  c.c.  (—01  ^nn.  cyanide)  taken  with  a  i»ipetto,  diluted  with 
about  i  liter  ot  water,  1(X)  c.c.  of  soda  water  added,  then  j^o  iodine  delivered 
from  the  burette  until  the  solution  i)oss<'ss<'d  a  sli«?ht  but  ]»ermancnt  yellow 
colour:  255  c.c.  were  required,  which  nuiltiplied  by  0()()3255  '^i\e  008300 
gm.  instead  of  01  ^^m.,  or  83  per  cent,  real  cyanide.  Sulphides  must  of 
course  bo  absent. 

4.    By  ^o  Sil'^G'  A^d  Chromate  Indicator. 

Yielhaber  (Arch.  Phann.  [3]  xiii.  408)  has  shown  that  weak 
solutions  of  prussic  acid,  such  as  bitter-almoiul  wat(;r,  etc.,  may  be 
readily  titrated  by  adding  magnesic  hydrate  suspended  in  water 
until  alkaline,  adding  a  droj)  or  two  of  chnauate  indicat(.)r,  and 
delivering    in    /^y    silver    until    the    red    colour    appears,    as    in 
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the  case  of  titrating  chlorides.  1  c.c.  silver  solution=0*0027 
gm.  HCy. 

This  method  may  be  found  serviceahle  in  the  examination  of 
opaque  sohitions  of  hych'ocyanic  acid,  such  as  solutions  of  bitter- 
almond  oil,  etc. ;  but  of  course  the  absence  of  chlorine  must  be 
insured,  or,  if  present,  the  amount  must  be  allowed  for. 

It  is  preferable  to  add  the  HCy  solution  to  a  mixture  of 
magnesia  and  chromate,  then  immediately  titrate  with  silver. 

5.    Cyanides  used  in  G-old  Extraction. 

An  interesting  series  of  papers  on  this  subject  have  been 
contributed  by  Clennell  (C.  N,  Ixxvii.  227,  and  Bettel,  idem 
28G,  298).  The  experiments  carried  out  by  these  chemists  are 
far  too  voluminous  to  be  reproduced  here,  but  a  short  summary 
of  the  results  may  be  acceptable  for  the  technical  examination  of 
the  original  solutions  and  their  nature,  after  partial  decomposition 
and  admixture  with  zinc  and  other  impurities  which  naturally 
occur  in  the  processes  of  gold  extraction.  The  results  of  both 
chemists  point  to  the  fact  that  the  estimation  of  cyanide  in  the 
weak  sohitions  used  in  the  Mac  Arthur-Forrest  process  is  much 
hampered  by  zinc  double  cyanide,  by  thiocyanates,  also  by  ferro  and 
ferricyanides,  together  with  organic  matters  Avhich  occur  in  the 
liquors  after  leaching  the  ores.  According  to  C 1  e n  n  e  1 1  the  presence 
of  ferrocyanides  gives  too  high  a  result  when  the  silver  process  of 
Liebig  is  used,  but  is  not  of  much  consequence  unless  the  cyanide 
is  relatively  small  as  compared  with  the  ferrocyanide  ;  with  the 
iodine  j)rocess  the  interference  of  ferrocyanide  is  nmch  less,  and 
very  fair  technical  results  may  be  obtained  in  the  presence  of  both 
ferro  and  ferri  salts  by  this  process.  The  silver  process  appears  to 
be  fairly  serviceable  where  the  quantity  of  ferrocyanide  is  not  too 
large  ;  the  reddish  precipitate  which  forms  at  first  from  the  ferri  salt 
is  soluble  in  the  presence  of  excess  of  cyanide,  and  a  definite  end- 
reaction  can  be  obtained.  Thiocyanates  render  the  silver  process 
useless,  but  do  not  interfere  with  the  iodine  j)rocess.  Ammonic 
carbonate  interferes  with  the  silver  process  unless  potassic  iodide  is 
added  so  as  to  jjroduce  silver  iodide,  which  is  insoluble  in  the 
ammonia  salt.  Ferrocyanides,  in  the  absence  of  other  reducing 
agents,  may  be  accurately  estimated,  as  in  §  60.1  ;  the  presence  of 
cyanides  and  ferricyanides  does  not  seriously  interfere.  Ferri- 
cyanides may  be  estimated  as  in  §  60.2 ;  ferrocyanides  do  not 
seriously  interfere,  but  cyanides  render  the  results  somew^hat  low. 
These  remarks  apply  to  solutions  not  complicated  by  admixture  of 
zinc  or  other  matters  which  naturally  occur  in  the  cyanide  liquors 
after  they  have  been  in  contact  with  the  ore.  For  the  actual 
methods  which  have  been  found  useful  in  examining  the  usual 
cyanide  liquors  the  following  processes,  devised  by  Bettel,  are 
^iven,  not  as  being  absolutely  correct,  but  sufficiently  so  for 
technical  purposes,  and  occupying  little  time  in  the  working : — 
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It  it  nwt— nr  to  state  at  the  outset  that  the  fDllowin^  romnrks  have 
icferenoe  to  the'MacArthur-Fnrreiit  working'  Molutioii.H  t'oiitiiiiiiiL:  /im*. 
an  dement  which  conip1icate*«  the  anulyni?*  in  u  truly  snr|>ri>iiii;  inannor. 
Befbre  dealing  with  the  analynN  pntper,  attoiitioii  is  <lniwn  to  tlu'  |»o<Mili:iritio<i 
of  a  solution  of  the  double  cyanide  of  xiiic  niid  ]M>ti*iMiiiin.  iHually  written 
VlaCy*.  As  is  stated  in  work*  on  rhenilMry,  tili^4  ryaniilo  i^  aJknlino  to 
indicators.  Now  hero  lies  the  ]KM>iiliarity.  To  piiciiolphtlialoiii  t  \w  alkalinity, 
as  tested  by  tt  *cid,  is  eniul  to  19*5  |iart8  of  fvanido  of  |H)tnssium  out  of 
a  possible  190*2  partii.  Uith  niotiiyl  orin^ro  as  indirator,  the  whole  of  tlic 
metallic  Cjranide  may  be  doconi|»a<od  hy  ^',-,  ixcul,  as  un<K>r :  - 

,  K=ZnCy«+ mCl    ZnfT  I  2K('l4  UlCy. 

On  titration  with  silver  nitrate mhition  thcond-n^irtion  \»  itainfully  imlofinito. 
If  caustic  alkali  in  exrew  (a  few  cj\  normal  Mxla)  ho  :iiM(n1  to  a  known 
quantity  of  potasKic  zin<;  cyanide  wthition  to^rotluT  with  a  few  dn>|*<(  of 
potassic  iodide,  and  standard  silver  w)luti(ui  nddcil  to  o])aIcs(*cn(*o.  tlio  n-artion 
will  indicate  sharply*  the  total  rvano^'on  ]>rf>?:ent  in  thcMloubU*  cvnnido  oven 
in  presence  of  ferroryanido!*.  If  to  a  M)lution  of  |N)tassii*  /iuc  ryaniilo 
be  added  a  small  quantity  of  fcrnKryaniilo  of  ]N»t;ls^(iulu,  ami  the*  liilver 
solution  added,  the  lltirculcnt  iiro<*ipitate  of  what  is  NupposiMl  to  In*  nornnl 
anc  ferrocyanide  (Zn-FH'y**)  ap|>can*,  the  cn(l-r<*a«'lion  is  fairly  Khar]*,  and 
indicates  li^5  parti*  of  iKitaHsic  cyanide  out  of  the  actual  molecular  contents 
of  130*2  KCy.  If,  however,  an  excess  of  fernxryanide  Im»  |»ro«'nt.  the 
flocculent  precipitate  d(K's  not  a|i]icarjmt  in  its  ]>l:ire  one  ;;et«an  o|>:iles<vnce 
which  speedily  turn^  to  a  finely  ^nuiular  (Munetimes  slimy)  precipitate  of 
potassic  line  ferrocyanide,  K-*Zn^Fc-('y'-.  Tins  intnuluces  a  personal  equation 
into  the  analysis  of  such  a  Milution,  for  if  the  silver  solution  l>e  addcl 
rapidly  the  results  an*  hi;;her  than  if  added  dn>]»  l>y  dn)]>,  as  this  fern)- 

3'auide  of   zinc  antl   |H»tiissium   sopanites  out  slowly   in  dilute  s<dutions 
kaline  or  neutral  to  litmus  pai>er. 

Ifor  the  eiitimation  of  fnH»  hydro<'vanic  acid  U'to  is  made  of  Siebold*s 
ingenious  method  for  estimating  alkalies  in  cnrlxmates  and  bicar)K>nates,  by 
reversing  the  pro«»ss,  adilin^  hi<*arl>onate  of  so<la,  free  from  c!ir!)onato,  to 
the  solution  to  l)o  titrated  for  hvdriNrvanic  acid  and  fret*  cvanido.  This  is 
the  one  in!»tancc  where  hy<ln>cyanic  acid  turns  carbonic  m-id  out  of  its 
combinations,  and  as  such  is  interest in;^^ 

2KHC0»  i-AKNO^f'-MICy     KA-Cy-  fKNO^  f  2C()-  1  2Wn, 
The  methods  of  analvsi<<  are  as  follows :  — 

1.  Free  Osranide.-  o()  c.c.  of  solution  nro  taken  and  titratetl  with  silver 
nitrate  to  faint  o|»alescenco  or  first  indi<!ation  of  a  llofculent  precipitate. 
This  will  indicate  (if  sutliciont  ferrocyanid<'  Ih'  ]>resent  to  form  a  llocculent 
precipitate  of  zinc  fcrnM*yani(h')  the  frc<»  cyani<h',  and  cyanidt^  e<iual  to  7*9 
per  cent,  of  the  potassic  zin<"  cyani<lc  present. 

2.  Hydrocsranic  Acid. — To  5<)  c.c.  of  the  solution  add  a  solution  of 
alkaline  bicarbonate,  fret?  from  carlK>natc  or  ex(!ess  of  carl>onio  ai*id.  Titrate 
as  for  free  cyanide.     Deduct  the  first  from  the  second  result 

=UCy  1  c.c.  A-XO='  -'- ^-3--    0(X)8L»1)     .  llCy. 

3.  Double  Cyanides. — Add  excess  of  nonnal  caustic  soda  to  50  c.c.  of 
solution  and  a  few  droits  of  a  10  \>or  <rcnt.  solution  of  K 1,  titrate  to  opalescence 
with  AgNC.  This  gives  1,  2,  and  3.  Deduct  1  and  2  K-Zn('y»  a^  KCy 
less  7*9  per  cent. 

A  correction  is  here  introdu<'ed.  The  Kf'v  found  in  3  is  c:ilculatc<l  to 
K^ZnCy*.  Factor:  KCy  (as  K-ZnCy^)  x  00403  --K»Zn('y'.  Add  to  this 
79  per  cent,  of  total,  or  for  every  02*  1  jiarts  of  K*-Zn('y*  add  70  parts. 

0 
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If  this  fraction,  calculated  back  to  KCy,  be  deducted  from  1,  the  tnie  free 
cyanide  (calculated  to  KCy)  is  obtained. 

4.  Ferrocyanides  and  Thiociranates. — In  absence  of  orpfanic  matters 
it  is  found  that  an  acidified  solution  of  a  simple  cyanide,  such  as  KCy,  or 
a  double  cyanide  (as  K^ZnCy^),  t.0.,  solution  of  HCy,  is  not  affected  by 
dilute  permanganate.  On  the  other  hand,  acidified  solutions  of  ferrocyanides 
and  sulphocvanides  are  rapidly  oxidized— the  one  to  ferrocyanide,  the  other 
toH^SOHIICy. 

If,  now,  the  ferrocyanogen  be  removed  as  Prussian  blue,  by  ferric  chloride 
in  an  acid  solution,  the  filtrate  will  contain  ferric  and  hydrio  thiocjimatc, 
both  of  which  are  oxidized  by  permanganate  as  if  iron  were  n#t  present; 
by  deducting  the  smaller  from  the  larger  result,  we  get  the  permanganate 
consumed  in  oxidizing  ferrocyanide,  the  remainder  equals  the  permanganate 
consumed  in  oxidizing  thiocyanate. 

The  method  of  titration  is  as  follows  (in  presence  of  zinc)  : — A  burette 
is  filled  with  the  cyanide  solution  for  analysis,  and  run  into  10  or  20  c.c. 
rw  K-Mn^O"  strongly  acidified  with  H-SO*  until  colour  is  just  discharged. 
Emilt  noted  (a). 

A  solution  of  ferric  sulphate  or  chloride  is  acidified  with  H^SO*  and 
50  c.c.  of  the  cyanide  solution  poured  in.  After  shaking  for  about  half 
a  minute,  the  Prussian  blue  is  separated  from  the  liquid  by  filtration,  and 
the  precipitate  and  filter  paper  washed.  The  filtrate  is  next  titrated  with 
T?7r  K^Mn^Qs  (6). 

Let  c— c.c.  permanganate  required  to  oxidize  ferrocyanide. 

Then  a^b=c, 

(c)     1  c.c.  T^77  K2Mn208= 0003684  gm.  K^FeCy*. 

(b)     1  c.c.  T^  K2Mn2O^=0O0O1618  gm.  KCNS. 

6.  Oxidizable  Organic  Matter  in  Solution. — In  treating  spruit  tail- 
ings, or  material  containing  decaying  vegetable  matter,  the  following  method 
is  used  for  testing  coloured  solutions : — 

(a)     Prepare  a  solution  of  a  thiocyanate,  so  that  1  c.c.:=YTTr  K-Mu'O*. 

(6)  To  50  c.c.  solution  add  sulphuric  acid  in  excess,  and  then  a  large 
excess  of  permanganate,  jl^.  Keep  at  60—70**  C.  for  an  hour.  Then  cool 
and  titrate  back  with  the  KCNS  solution. 

Result  O  consumed  in  oxidizing  organic  matter. 
„      O        „  „         K^FeCy«. 

,,      O        „  „         KCNS. 

Aft«r  estimating  KCNS  and  K'*FoCy*',  a  simple  calculation  gives  the 
oxygen  to  oxidize  organic  matter.  This  result  multiplied  by  9  will  give 
approximately  the  amount  of  organic  matter  present. 

In  Order  to  clarify  such  orgsinically  charged  solutions,  they  are  shaken 
up  with  xx)wdered  quicklime  and  filtered ;  the  solution  is  then  of  a  faint 
straw  colour,  and  is  in  a  proper  condition  for  analysis.  In  such  clarified 
solution  the  oxidizable  organic  matter  is  no  longer  present,  and  the 
estimations  are  readily  performed. 

6.  Alkalinity. — Potassio  cyanide  acts  as  caustic  alkali,  when  neutralized 
by  an  acid;  the  end-reaclion,  however,  is  influenced  to  some  extent  by 
the  hydrocyanic  acid  present,  and  is  therefore  not  sharp.  It  is  possible, 
however,  to  estimate — 

b]^  i  "old  rKl'of  K^=ZDCy* :::         :::  ]•  ^^'•^'^  PhenolphtUakia as  indicator. 
By  x^  acid  100  "*'  of  zinc  in  K-ZnCy^    }  x^ui,  ^^4v,  ^  •    r    * 

By  A  acid  100  7o  of  Zn+K  in  ZnK^O=  >  ^'^^  '^'^^^i'^  °™"K<' ""  indicator. 
13y  rir  ^^^  ^^^  K'-O  in  ZuK'O*  ...     With  phenolphthalein  as  indicator. 
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It  will  be  necessary  to  point  out  the  decomposi lions  which  result  from 
adding  alkali,  or  a  carbonate  of  an  alkali,  to  a  working  solution  containing 
zinc. 

K^/axCv* + 4KHO=-ZnK20«4-  4KC  V. 
K^ZnCy^  +  iNa'CO»+ 2H50=2KCy + 2NaCy  -f  ZuNa^O^ + 4NaHC0'. 

Bicarbonatcs  have  no  action  upon  iwtassic  or  sodic  zinc  cyanide. 
Potassic  or  sodio  zinc  oxide  (in  solution  as  hydrate)  acts  as  an  alkali 
towards  phenolphthalein  and  methyl  orange. 

ZnK^OH  4HC1  =  2KC1 + ZnCP  4-  211*0. 

Calcic  and  ma^mosic  hydrates  deoompase  the  double  salt  of  K'ZnC\**  to 
some  extent,  but  not  com]>letely,  so  that  it  is  possible  to  find  in  one  and  the 
same  solution  a  oonsiderable  proportion  of  alkalinity  towards  phenolphthalein, 
due  to  calcic  hydrate  in  presence  of  K-ZnCy*. 

The  total  alkalinity  as  dctormino<i  by  \\  acid  with  methyl  orange  as 
indicator  gives,  in  a<ldition  to  those  before  mentioned,  the  bicariwnates. 
If  to  a  solution  containing  sodic  bicar))onate  and  potassic  zinc  cyanide  bo 
added  lime  or  lime  and  magnesia,  the  percentage  of  cyanide  will  increase, 
the  zinc  remaining  in  solution  as  zinc  sodic  oxide. 

Clennell  (C.  N.  Ixxi.  93)  jfives  a  method  for  the  approximate  estimation 
of  alkaline  h^'drates  and  carl>onates  in  the  presoDce  of  alkaline  cyanides, 
as  follows : — 

'(1)     Estimation  of  the  cyanide  by  direct  titration  with  silver. 

(2)  Estimation  of  the  liydraie  and  half  the  carl>onate  of  alkali  on  adding 
phenolphthalein  to  the  ))reviou8  solution  (after  titration  with  silver)  by 
i\  hydrochloric  acid. 

(3)  Estimation  of  the  total  alkali  by  direct  titration,  in  another  portion 
of  the  solution,  with  ^'V,  hydrochloric  acid  and  methyl  orange. 

7.  Ferrlcyanide  Estimation. — This  is  efTet'ted  by  allowing  sodium 
amalgam  to  act  for  fifteen  minutes  on  the  solution  in  a  narrow  cylinder, 
then  estimating  the  ferrocyanide  formed  by  )>ermanganate  in  an  acid 
solution.  Deduct  from  the  results  obtained  the  femwyanide  and  tliiocyanate 
previously  found,  1  c.c.  ,  J^  permanganate  =0003293  gm.  KTo^Cy*'-. 

8.  STilphides. — It  rarely  hap])ens  that  sulphides  are  present  in  a  cyanide 
solution ;  if  present,  however,  shake  up  with  precipitated  carbonate  of  lead, 
filter,  and  titrate  with  ynv  permanganate.  The  loss  over  the  previous 
estimation  (of  K^FeCy*KCNS,  &c.)  is  due  to  elimination  of  sulphides. 

1  c.r.  ,  J^  K2MirO'*^OOOOl7  gm.  H=S,  or  000055  gm.  K*S. 

The  hydrogen  alone  being  oxidized  by  dihite  pennanganate  in  acid  solution 
where  the  permangunate  is  not  first  of  all  in  excess. 

9.  Aznxnonia.-  If  sufTunent  silver  nitrate  be  added  to  a  solution  (say 
10  c.c.)  to  wholly  i)recipitate  the  (;yanogen  compounds  and  a  dn)p  or  two  of 
^  HCl  be  added,  the  whole  made  up  to  100  c.c,  and  filtered ;  tnen  10  c.c. 
distilled  with  about  150  c.c.  of  ammonia  free  water  and  Nesslerized  in  the 
usual  way,  the  amount  of  ammonia  may  be  ascertained. 

FEBBO-  AND  FEBBI-CnTAKIDES. 

Potassic  Ferrooyanide. 

K^CyFe  +  3n20=422. 

Metallic  iron  x        7'541=Cr}'stallized  Potassic  ferrocyanido. 

X)ouble  iron  salt      x        1-077=  „  „  „ 

o  2 
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1.    Oxidation  to  Ferricsranide  by  Permanganate  (De  Haen). 

§  60.  This  substance  may  be  estimated  by  potassic  pennango- 
nate,  which  acts  by  converting  it  into  red  pnissiate.  The  process 
is  easy  of  application,  and  the  results  accurate.  A  standard 
solution  of  pure  ferrocyanide  should  be  used  as  the  basis  upon 
which  to  work,  but  may,  however,  be  dispensed  with,  if  the  operator 
chooses  to  calculate  the  strength  of  his  permanganate  upon  iron  or  its 
compounds.  If  the  permanganate  is  decinormal,  there  is  of  course 
very  little  need  for  calculation  (1  eq.=422  must  be  used  as  the 
systematic  number,  and  therefore  1  c.c.  of  ^  permanganate  is 
equal  to  0*0422  gm.  of  yellow  prussiate).  The  standard  solution 
of  pure  ferrocyanide  contains  20  gm.  in  tlie  liter :  each  c.c.  wiH 
therefore  contain  0*02  gm. 

Process :  10  c.c.  of  the  standard  prussiate  solution  are  put  into  a  white 
porcelain  dish  or  beaker  standing  on  white  paper,  and  250  c.c.  or  so  of  water 
added;  it  is  then  acidified  pretty  strongly  with  sulphuric  acid,  and  the 
permanganate  delivered  from  the  burette  until  a  pure  uranium  yellow  colour 
appears ;  it  is  then  cautiously  added  until  the  faintest  pink  tinge  occurs. 

Ferrocyanides  in  AUiali  waste. — Acidulate  the  solution  with 
HCl,  and  add  strong  bleaching  powder  solution  with  agitation  until 
a  drop  of  the  liquid  gives  no  blue  colour  with  ferric  indicator.  The 
liquid  is  then  titrated  Avith  a  solution  of  cupric  sulphate,  standardized 
on  pure  potassic  ferrocyanide,  using  dilute  ferrous  sulphate  as 
indicator ;  as  soon  as  no  more  blue  or  grey  colour  occurs,  but 
a  faint  reddening,  the  process  is  ended. 

Ferrocyanides  in  Ghui  Liquor. — 250  C.C  are  evaporated  to  dryness, 
dissolved  in  water,  tlie  solution  filtered,  and  the  ferrocyanides 
precipitated  as  Prussian  blue  by  ferric  chloride.  Tlie  blue  is 
filtered  off,  washed,  and  decomposed  with  caustic  soda.  The  ferric 
hydroxide  so  obtained  is,  after  filtering,  washing,  and  dissolving  in 
dilute  H'^SO^  reduced  with  zinc,  and  titrated  with  permanganate. 
Fe  X  507-=(Nn4)^FeCy*\ 

POTASSIC   FEBBI07ANIDE. 

K«Cyi2re2  -  658. 

Metallic  iron  x        5*88         =  Potassic  ferricyanido. 

Double  iron  salt  x        1*68         = 

-j^^  Thiosulphate  x        0-0329     = 


2,    By  Iodine  and  Thiosnlphate. 

This  salt  can  be  estimated  either  by  reduction  to  ferrocyanide 
and  titration  with  permanganate  or  bichromate  as  above,  or  by 
Lenssen's  method,  which  is  based  upon  the  fact,  that  when 
potassic  iodide  and  ferricyanide  are  mixed  with  tolerably  concen- 
trated hydrochloric  acid,  iodine  is  set  free. 
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K»''Fc2Cy^2  4. 2KI=2K-»Cy'^Fe  + 1^ 

the  quantity  of  whicli  can  be  estimated  by  ^^j^  tliiosiilphate  and 
starch.  This  method  does  not,  however,  give  tlie  most  satis- 
factory results,  owing  to  the  variation  produced  by  working 
with  dilute  or  concentrated  solutions.  C.  Mohr's  modification 
(see  Zinc,  §  81)  is,  however,  more  accurate,  and  is  as  follows: — 
The  ferricyanide  is  dissolved  in  a  convenient  quantity  of  water, 
potassic  iodide  in  crystals  added,  together  with  hydrochloric  acid 
in  tolerable  quantity,  then  a  solution  of  pure  zinc  sulphate  in 
excess ;  after  standing  a  few  minutes  to  allow  the  decomposition 
to  perfect  itself,  the  excess  of  acid  is  neutralized  by  sodic  carbonate, 
80  that  the  latter  slightly  predominates. 

At  this  stage  all  the  zinc  ferricyanide  lirst  formed  is  converted 

into  the  ferrocyanide  of  that  metal,  and  an  equivalent  (juantity  of 

iodine  set  free,  whicli  can  at  once  be  titrated  with  ^^  thiosulphate 

and  starch,  and  with  very  great  exactness.     1  c.c.  ,5  thiosulphate 

=  0*0329  gm.  potjissic  ferricyanide. 

The  mean  of  five  determinations  made  by  Mohr  gave  100*21 
instead  of  100. 

Another  method  consists  in  boiling  with  excess  of  potash,  then 
cooling,  and  adding  H'^(  )*^  till  the  colour  is  yellow.  The  excess  of 
the  peroxide  is  then  boiled  off,  H'-SO"*  added,  and  titrated  with 
permanganate. 

8.    Beduction  of  Ferri-  to  Ferro-oyanide. 

This  process  is,  of  course,  necessary  when  th(>  determination  by 
permanganate  has  to  be  made,  and  is  best  effected  by  boiling  the 
weighed  ferricyanide  with  an  excels  of  potash  or  soda,  and  adding 
small  quantities  of  concentrated  solution  of  ferrous  sulphate  until 
the  precipitate  which  occurs  possesses  a  blackish  colour  (signifying 
that  the  magnetic  oxide  is  formed).  The  solution  is  then  diluted 
to  a  convenient  quantity,  say  300  c.c,  well  mixed  and  filtered 
tlirough  a  dry  filter;  50  or  100  c.c.  may  then  be  taken,  sulphuric 
acid  added,  and  titrated  with  permanganate  as  before  described. 

Kassner  suggests  the  use  of  sodic  peroxide  for  the  reduction 
of  ferri-  to  ferrocyanide  {Airh.  Pharm.  ccxxxii.  22G)  as  being 
rapid  and  complete.  About  0*5  gm.  in  100  c.c.  water  requires 
about  006  gm.  of  the  jxiroxide;  the  mixture  is  heated  till  all 
effervescence  is  over,  acidifieil  with  sulphuric  acid,  cooled,  and 
titrated  with  permanganate  in  the  usual  way. 

THI007ANATB8. 

For  the  estimation  of  thiocyanic  acid  in  combination  with  the 
alkaline  or  earthy  Imses,  Barnes  and  Liddle  (J,  S.  C.  I.  ii.  122) 
have  devised  a  method  which  is  easy  of  application,  and  gives  good 
technical  results.     It  is  not^  however,  available  for  gas  liquors. 
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Tlic  method  depends  upon  tlie  fact  that  when  a  solution  of 
a  cui)ric  salt  is  added  to  a  solution  of  a  thiocyanate  in  presence 
of  a  reducing  agent,  as  sodic  bisulphite,  the  insoluble  cuprous  salt 
of  thiocyanic  acid  is  precipitated,  the  end  of  the  reaction  being 
ascertained  by  a  drop  of  the  solution  in  the  flask  giving  a  brown 
colouration  when  brought  in  contact  with  a  drop  of  ferrocyanide. 
The  following  reactions  take  place  : — 

2CuS0^  +  2KSCX  +  Xa^SO'^  +  H^O  = 
Cu-^S-'C2K2  +  K-^SO^  +  2NaHS0-* 
and 

2CuS0^  +  Ba(8CX)2  +  Xa^SO^  +  Il-O  = 
Cu-S^C^X^  +  BaSO*  +  2XaHS0^ 

The  following  solutions  are  rec^uircd : — 

1.  A  standard  solution  of  Cupric  sulphate  containing  6*2375 
gm.  per  liter,  1  c.c.  of  which  is  e([uivalent  to  0*00145  gm.  SCX. 

2.  A  solution  of  Sodic  bisulphite  of  specific  gravity  1*3. 

3.  A  solution  of  Pot«\ssic  feiTOcyanidc  (1   :  20). 

Process:  Al)out  3  jrm.  of  the  sample  are  weighed  from  a  stoppered 
tube  into  a  liter  flask,  dissolved  in  water,  and  made  up  to  the  mark.  After 
well  mixinj?,  25  c.c.  are  measured  into  a  flask,  about  8  c.c.  of  the  bisulphite 
added,  and  the  whole  boiled.  Whilst  this  is  heating  a  burette  is  filled  with 
the  copper  solution,  and  a  white  ]>orcelain  slab  is  dotted  over  with  the 
ferrocyanide.  When  the  liquid  in  the  flask  has  reached  the  boiling  point, 
20  c.c.  of  the  copper  solution  are  run  in,  well  shaken,  the  precipitate  allowed 
to  settle  for  about  a  minute,  a  drop  is  taken  out  by  means  of  a  glass  rod,  and 
brought  in  contact  with  a  drop  of  ferrocyanide,  and  should  no  brown 
colouration  ap|)ear,  more  of  the  copi)er  solution  is  run  in,  say  1  c.c.  at 
a  time,  and  again  tested.  This  is  continued  until  a  drop  gives  an  immediate . 
colour.  By  this  mejins  an  approximation  to  the  truth  is  obtained.  It  will 
be  observed,  during  a  titration,  that  the  mixed  drops,  after  st:mding  for 
a  minute,  or  even  less,  produce  a  brown  tint.  It  is  of  the  utmost  importance 
that  the  colouration  be  immediate. 

A  second  25  c.c.  of  the  thiocvanatc  solution  are  run  into  a  clean  flask, 
the  bisulphite  added,  and  boiled  as  before. 

Suppose  that  in  the  first  experiment,  after  an  addition  of  27  c.c.  of  copper 
solution,  no  colour  was  formed  with  ferroc^^anide,  but  that  28  c,c.  gave  an 
immediate  colour;  then  in  the  second  experiment  27  c.c.  are  run  in  at  once, 
and  the  liquid  is  ag;iin  tested,  when  no  colour  should  ai)pejir.  The  copper 
solution  is  then  run  in  drop  by  drop  until  there  is  a  slight  excess  of  copper, 
as  proved  by  the  delicate  reaction  with  the  ferrocyanide.  The  second 
experiment  is  thus  rendered  more  exact  by  the  experience  gained  in  the  first. 


GOLD. 

Au-1%-5. 
1  c.c.  or  1  dm.  normal  oxalic  acid:==0*0G55  gm.  or  0*G55  grn.  Gold. 

§  61.  The  technical  assay  of  gold  for  coining  purposes  is 
invariably  performed  by  cupcllation.  Terchlorido  of  gold  is, 
however,    largely   used   in   photography  and   electro-gilding,   and 
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therefore  it  may  bo  necessary  sometimes  to  ascertain  the  strength 
of  a  sohition  of  the  chloride,  or  its  value  as  it  occurs  in  commerce. 

If  to  a  solution  of  gold  in  tlie  form  of  chloride  (free  from  nitric 
acid)  an  excess  of  oxalic  acid  be  added,  in  the  course  of  from 
eighteen  to  twenty-four  hours  all  the  gold  will  be  precipitated  in 
the  metallic  form,  while  the  corresi)onding  quantity  of  oxalic  acid 
has  been  dissipated  in  the  form  of  carbonic  acid ;  if,  therefore,  the 
quantity  of  oxalic  acid  originally  added  be  known,  and  the  excess, 
aftc^r  complete  precipitation  of  the  gold,  be  found  by  permanganate, 
the  amount  of  gold  will  bo  obtained. 

Example:  A  15->^iin  tubo  of  the  chloride  of  j^old  of  commerce  was 
dissolved  in  water,  and  the  solution  made  up  to  3<)0  decerns.  20  dm.  of 
normal  oxalic  acid  were  then  added,  and  the  flask  «ot  a««ide  for  twenty-four 
hours  in  a  warm,  dark  place ;  at  the  end  of  that  time  the  ^old  had  settled, 
and  the  supernatant  licpiid  was  clear  and  colourless.  KX)  dm.  wero  taken 
out  with  a  pipette,  and  titrated  with  I'V  pcrinanj^anate,  of  which  25  dm.  were 
required ;  this  multiplied  bj'  3  K'ives  73  dm.^7'5  dm.  normal  oxalic  acid, 
which  deducted  from  the  20  dm.  originally  added,  left  12'5  dm.;  this 
multiplied  by  j^  the  equivalent  of  j^fold  (1  eq.  of  gold  chloride  decomposing" 
3  eq.  oxalic  acid)^=OT)55  ^Tive  8*  193  ^rn.  metallic  >(old,  or  multiplied  by  101 
(—J  eq.  AuCF)  vcavo  12*623  ^n\. ;  the  result  was  84  i)er  cent,  of  chloride  of 
^Id  instead  of  100.  A  more  rapid  method  consists  in  boiling  the  gold 
solution  with  an  excess  of  standard  solution  of  potjuvsic  oxnlate  containing 
8*3  gm.  of  the  i»ure  salt  per  liter,  and  titrating  back  with  a  permanganate 
solution  which  has  the  same  working  strength  as  the  oxalate.  Each  c.c. 
of  oxalate  solution  decom^wsed  represents  O'OOGoo  gm.  Au. 


IODINE. 

1=1270. 

1.    By.  Distillation. 

g  62.  FiiKE  iodine  is  of  course  very  readily  estimated  by  solution 
in  potixssic  iodide,  and  titration  with  starch  and  ^q  thiosulphatc, 
as  (lescribed  in  S  38.* 

Combined  iodine  in  haloid  salt«5,  such  as  the  alkaline  iodides, 
must  be  sul^jectod  to  distillation  with  hydrochloric  acid,  and  some 
other  substance  capable  of  lussisting  in  the  liberation  of  free  iodine, 
which  is  viM^eived  into  a  soluticm  of  ])otassic  io<li(le,  and  then 
titratetl  with  ^^  thiosulphatc  in  the  ordinary  way.  Such  a 
substan(!e  presents  itself  best  in  the  form  of  ferric  oxide,  or  some 
of  its  combinations ;  if,  therefore,  hydriodic  acid,  or  what  amounts 
to  the  same  thing,  an  alkaline  iodide,  bo  mixed  with  an  excess  of 

*  I  would  here  okaIii  impresB  npon  the  operator'n  notice  that  it  is  of  fpreat  importance 
to  OHcertuiu  the  exact  Btreu(fth  of  the  standard  solutions  of  iodine  aiul  thiosulphate  as 
comparc<l  with  each  other.  Both  solutions  constantly  under^ro  un  amount  of  chanifo 
depeudiiiK  ui>on  the  temperature  at  which  they  ore  kept,  their  expoHuro  to  liffht,  etc., 
and  therefore  it  is  absolutely  necessary,  to  ensure  exactness  in  the  multifarious  analyses 
which  can  be  mode  by  the  aid  of  these  two  rea^nts,  to  verify  their  afn*oement  by 
weighiuK  a  small  portion  of  pure  dry  iodine  at  intervals,  and  titratin^f*  it  with  the 
standard  thiosulphate,  or  checking  the  iodine  with  baric  or  sodic  thiosulphatc  of 
known  jjurity. 
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ferric  oxide  or  chloride,  and  distilled  in  the  apparatus  shown  in 
fig.  37  or  38,  the  following  reaction  occurs  : — 

iVO-^  +  2III=2FeO  +  H^O  +  P. 

Tlie  best  form  in  which  to  use  the  ferric  oxide  is  iron  alum. 

The  iodide  and  iron  alum  being  brought  into  the  little  fiask(fig.  38), 
sulphuric  acid  of  about  1'3  sp.  gr.  is  added,  and  the  cork  carrying 
the  still  tube  inserted.  This  tube  is  not  carried  into  the  solution 
of  potassic  iodide  in  this  special  case,  but  within  a  short  distance 
of  it ;  and  the  end  must  not  be  drawn  out  to  a  fine  point,  as  there 
represented,  but  cut  ofiF  straight.  The  reason  for  this  arrangement 
is,  that  it  is  not  a  chlorine  distillation  for  the  purpose  of  setting 
iodine  free  from  the  iodide  solution,  as  is  usually  the  case,  but  an 
actual  distillation  of  iodine,  which  would  speedily  choke  up  the 
narrow  point  of  the  tube,  and  so  prevent  the  further  progress 
of  the  operation. 

As  the  distillation  goes  on,  the  steam  washes  the  condensed 
iodine  out  of  the  tube  into  the  solution  of  iodide,  which  must  be 
present  in  sufficient  quantity  to  absorb  it  all.  When  no  more 
violet  vapours  are  to  be  seen  in  the  flask,  the  operation  is  ended ; 
but  to  make  sure,  it  is  well  to  empty  the  solution  of  iodine  out 
of  the  condensing  tube  into  a  beaker,  and  put  a  little  fresh  iodide 
solution  with  starch  in,  then  heat  the  flask  again ;  the  slightest 
traces  of  iodine  may  then  be  discovered  by  the  occurrence  of  the 
blue  colour  when  cooled.  In  case  this  occurs  the  distillation  is 
continued  a  little  while,  then  both  liquids  mixed,  and  titrated 
with  j\y  thiosuli)hate  as  usual. 

It  has  been  previously  stated  that  the  rubber  joints  to  the 
special  apparatus  of  Fresenius,  Bunsen,  or  Mohr  for  iodine 
distillations  are  objectionable.  Topf  avoids  this  by  fitting  his 
apparatus  together,  so  that  although  rubber  is  used,  the  reagents 
do  not  come  in  contact  with  it  (Z.  a,  C.  xxvi.  293). 

Another  form  of  apparatus  designed  by  Stortenbeker  (Z.  a.  C, 
xxix.  273)  is  shown  in  fig.  41,  in  which  rubber  joints  are  entirely 
dispensed  with,  and  glass  connections  used.  The  connection 
between  the  distilling  tube  and  the  absorbing  apparatus  is  a  water 
joint,  the  tube  resting  in  a  socket  kept  wet  with  water,  the 
chloride  of  calcium  tube  is  filled  with  glass  pearls,  moistened 
with  concentrated  solution  of  potassic  iodide,  and  the  connection 
with  the  absorbing  apparatus  is  ground  in  like  an  ordinary  stopper. 
The  absorbing  bulbs  are  immersed  in  water  to  the  middle  of  the 
bulbs,  and  the  iodide  solution  filled  to  the  lower  end  of  them. 

Ferric  chloride  may  be  used  instead  of  the  iron  alum,  but  it 
must  be  free  from  nitric  acid  or  active  chlorine  (best  prepared 
from  dry  FeSQ^  and  HCl). 

The  iodides  of  silver,  mercury,  and  copper  cannot  be  accurately 
analyzed  in  this  way,  but  must  be  specially  treated.  They  should 
be  dissolved  in  the  least  possible  quantity  of  sodic  thiosulphate 
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solution,  and  precipitated  boiling  with  sotlic  sulphide,  tlien  filtered ; 
the  filtrate  contains  the  whole  of  the  io<line  free  from  nietiil.  The 
filtrate  is  evaporated  to  dryness  and  ignited,  tlien  dissolved  in 
water,  and  distilled  with  a  good  excess  of  ferric  salt  (Mensel, 
Z,  a.  C.  xii.  137). 

2.     Mixtures  of  Iodides,  Bromides,  and  Chlorides. 

Donath  (Z.  a.  C  xix.  19)  has  shown  that  iodine  may  be 
accurately  estimated  by  distillation  in  tlie  jiresence  of  other  halogen 
salts,  by  means  of  a  solution  containing  about  2  tO  3  per  cent,  of 
chromic  acid,  free  from  sulphuric  acid. 

In  the  case  of  iodides  and  chlorides  together  the  action  is 
perfectly  regular,  and  the  whole  of  the  ioiline  may  Ix?  received  into 
potassic  iodide  without  any  interference  from  the  chlorine. 


Fij?.  41. 


In  the  wise  of  bromides  being  present,  the  cliromic  solution  njust 
be  ratlier  more  dilute,  and  the  distillation  must  not  l)e  continued 
more  than  two  or  tliree  njinutes  after  ebullition  has  commenced, 
otherwise  a  small  amount  of  bromide  is  decomposed. 

The  reaction  in  the  case  of  j)otas8ic  iodide  may  be  exi)re88ed 
thus  : 

OKI  +  SCrO*^  =  F  +  Cr^O^  +  3K2Cr-( )'. 

The  distillation  may  be  made  in  Molir's  apparatus  (fig.  38), 
using  about  50  c.c.  of  chromic  solution  for  about  0*3  gm.  1. 

The  titration  is  made  with  thiosulphate  in  the  usual  way. 

A  much  less  troublesome  method  of  estimating  iodine  in  the 
presence  of  bromides  or  chlorides  has  been  worked  out  by  Cook 
(/.  C.  S,  1885,  471),  and  depends  on  the  fact  that  hydrogen 
peroxide  liberates  iodine  completely  from  an  alkaline  base  in  the 
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presence   of  excess  of  acetic   acid,   while  neither  bromine   nor 
chlorine  are  affected. 

Hydrogen  peroxide  alone  will  only  partially  liberate  iodine  from 
potassic  iodide,  but  with  excess  of  a  weak  organic  acid  to  combine 
with  the  alkaline  hydroxide,  the  liberation  is  complete.  Strong 
mineral  acids  must  not  be  used,  or  bromine  and  chlorine,  if  present, 
would  also  be  set  free. 

Process :  The  solution  is  strongly  acidified  with  acetic  acid,  and  sufficient 
hydrogen  x»eroxide  added  to  liberate  the  iodine  (5  c.c.  will  suffice  for  1  gm. 
KI).  The  mixture  is  allowed  to  stand  from  half  an  hour  to  an  hour;  the 
whole  of  the  iodiiie  separates,  some  being  in  the  solid  state  if  the  quantity 
is  considerable.  Chloroform  is  now  added  in  sufficient  volume  to  dissolve 
the  iodine,  the  solution  syphoned  off,  and  the  globule  repeatedly  washed 
with  small  quantities  of  water  to  remove  excess  of  peroxide,  then  titrated 
with  thiosulphate,  with  or  without  starch,  in  the  usual  way.  If  the 
peroxide  is  not  completely  removed  by  washing,  it  will  decompose  the  sodic 
iodide  produced  in  the  titration,  and  so  liberate  traces  of  iodine. 

The  results  obtained  by  Cook  in  mixtures  of  bromides,  iodides, 
and  chlorides,  were  about  99  per  cent,  of  the  iodine  present. 

Gooch  and  Browning  {Amer.  Jour.  Science  xxxix.  March, 
1890,  also  C.  N.  Ixi.  279)  puldish  a  method  of  estimating  iodine 
in  halogen  salts  of  the  alkalies  which  gives  excellent  results,  and 
which  is  based  on  the  fact  that  arsenic  acid  in  strongly  acid  solution 
liberates  iodine,  becoming  itself  reduced  to  arsenious  acid,  according 
to  the  equation 

II-'AsO^  +  21II  =  H  »AsO '  +  H^O  +  21. 

A  very  careful  series  of  exjieriment^  are  detailed  in  the  original 
paper,  tlie  outcome  of  the  whole  being  summarized  in  the  following 
process : — 

Process :  The  sub>tancc  (which  should  not  contain  of  chloride  more 
than  an  amount  corresponding  to  05  gm.  of  sodic  chloride,  nor  of  bromide 
more  than  corresponds  to  O'o  gra.  of  potassic  bromide,  nor  of  iodide  much 
more  than  the  equivalent  of  05  gra.  of  potassic  iodide)  is  dissolved  in  water 
in  an  Erlenmeyer  beaker  of  300  c.c.  capacity,  and  to  the  solution  are 
added  2  gm.  of  potassic  binarseniate  dissolved  in  water,  and  20  c.c.  of  a 
mixture  of  sulphuric  acid  and  water  in  equal  volumes,  and  enough  water  to 
increa.se  the  total  volume  to  100  c.c.  or  a  little  more.  A  platinum  sj)iral  is 
introduced,  a  trap  made  of  a  .straight  two-bulb  drying  tube,  cut  off  short,  is 
hung  with  the  larger  end  downward  in  the  neck  of  the  flask,  and  the  liquid 
is  boiled  until  the  level  reaches  a  mark  put  upon  the  flask  to  indicate  a 
volume  of  35  c.c.  Great  care  should  be  taken  not  to  press  the  conccntnition 
be3'ond  this  point  on  account  of  the  double  danger  of  losing  arsenious 
chloride  and  setting  up  reduction  of  the  arscniate  by  the  bromide.  On  the 
other  hand,  though  35  c.c.  is  the  ideal  volume  to  be  attained,  failure  to 
concentrate  below  40  c.c.  introduces  no  appreciable  error.  The  liquid 
remaining  is  cooled  and  nearly  neutralized  by  sodic  hydrate  (ammonia  is  not 
equally  good),  neutralization  is  completed  by  potassic  bicarbonate,  an  excess 
of  20  c.c.  of  the  saturated  solution  of  the  latter  is  added,  and  the  arsenious 
oxide  in  solution  is  titrated  by  standard  iodine  in  the  presence  of  starch. 

With  ordinary  care  the  method  is  rapid,  reliable,  and  easily 
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executed,  and  tlio  error  is  small.  In  analy8t»s  requiring  extreme 
accuracy,  all  but  accidental  errors  ma}'  be  eliminated  from  the 
results  by  applying  the  corrections  indicated. 

The  indicated  corrections  are  based  on  a  long  scries  of  ex- 
periments, which  cannot  well  be  given  here,  but  the  results  may 
be  stated  sliortly  as  follows : — 

When  no  cldoride  or  bromide  is  present  the  iodine  may  be 
estimated  with  a  mean  error  of  0*2  m.gm.  in  0*5  gm.  or  so  of  the 
alkaline  io<.li<le.  When  sodic  chloride  is  j)resent  there  is  a  slight 
deticiency  in  iodine,  which  is  proportional  to  the  amount  of  iodide 
decom])osed.  For  al)out  0*56  gm.  of  potassic  iodi<lo  and  0*5  gm. 
of  sodic  chloride  tlie  deficiency  in  iodine  amounted  to  0*0011  gm. 
When  the  iodide  is  decreased,  say  to  one-tenth  or  leas,  the  defictiency 
falls  to  0*0002  gm.  Tlie  presence  of  potassiir  ])romi(le  liberates 
traces  of  bromine,  and  consequently  increases  the  As()'\  and  gives 
apparent  excess  of  iodine,  the  mean  error  being  0*0008  gm.  for 
0*5  gm.  of  bromitle. 

The  simultaneous  action  of  the  cldoride  and  bromide  tends  of 
course  to  neutralize  the  error  due  to  each.  Thus,  in  a  mixture 
weighing  about  1*5  gm.  and  consisting  of  sodic  chloride,  poti\ssic 
bromide,  and  potassic  iodide  in  etpial  i>arts,  the  mean  error  amounts 
to  -00003  gm.  The  largest  error  in  the  series  is  +0*0016  gm., 
when  the  bromide  was  at  its  maximum,  and  no  chloride  was 
present;  and  the  next  largest  was  -  0*0013  gm.,  when  the  chloride 
was  at  its  niaximiun  and  no  bromide  was  i>resent. 

From  a  series  of  experiments  detailed  in  the  original  ])aj)or,  it 
was  deduced  that  the  amount  of  iodine  to  be  atlded,  in  each  case, 
may  be  obtiin(.'d  by  multiplying  the  product  of  the  weights  in 
grams  of  sodic  chloride  and  potassic  iodide  by  the  congtuit  0*004  ; 
and  the  amount  to  be  subtracted,  ])y  multiplying  the  weight  in 
grams  of  potissic  bromide  by  0*0016;  but  in  order  to  make  use 
of  these,  corrections,  the  ai)i)roxiniate  amounts  of  these  salts  must 
be  known. 

3.     Titration  with  ^  Silver  and  Thiooyanate. 

The  thiorvanate  and  silver  solutions  are  described  in  S  43. 

The  iodide  is  dissolved  in  300  or  400  times  its  weight  of  water 
in  a  well-stoppered  flask,  and  j^^^  silver  delivered  in  from  the  ])uretto 
with  constant  shaking  until  the-  i)recipitate  c()agulat<\s,  showing 
that  silver  is  in  excess.  Ferric  indicator  and  nitric  acid  are  then 
added  in  proper  profK)rtion,  and  the  excess  of  silver  estimatnl 
by  thiocyanate  as  described  in  §  43. 

4.    Oxidation  of  combined  Iodine  by  Chlorine  (Gholfier  Besseyre 

and  Dupre). 

This  won<lerfully  sharp  method  of  estimating  iodine  depends 
upon  its  conversion  into  iodic  acid  by  free  chlorine.      A\nien  a 
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solution  of  potassic  iodide  is  treated  with  successive  quantities  of 
chlorine  water,  first  iodine  is  liberated,  then  cldorido  of  iodine 
(ICl)  formed.  If  starch,  chloroform,  benzole,  or  bisulphide  of 
carbon  be  added,  tlie  first  will  be  turned  blue,  while  any  of  the 
others  will  be  coloured  intense  violet.  A  further  addition  of  chlorine, 
in  sufficient  quantity,  produces  pentachloride  of  iodine  (ICP),  or 
rather,  as  water  is  present,  iodic  acid  (lO^H).  No  colouration  of 
the  above  substances  is  produced  by  these  compounds,  and  the 
accuracy  with  which  tlie  reaction  takes  place  has  been  made  use  of 
byGolfier  Besseyre  and  Dupre,  independently  of  each  other, 
for  the  purpose  of  estimating  iodine.  The  former  suggested  the  use 
of  starch,  the  latter  chloroform  or  benzole,  with  very  dilute  chlorine 
water.     Dupre's  method  is  preferable  on  many  accounts. 

Example :  30  c.c.  of  weak  chlorine  water  were  put  into  a  beaker  with 
potassic  iodide  and  starch,  and  then  titrated  with  jj^^  thiosulphate,  of  which 
17  c.c.  were  required. 

10  c.c.  of  solution  of  potassic  iodide  containing  0010  gm.  of  iodine  were 
put  into  a  stoppered  bottle,  chloroform  added,  and  the  same  chlorine  water  as 
above  delivered  in  from  the  burette,  with  constant  shaking,  until  the  red 
colour  of  the  chloroform  had  disappeared ;  the  quantity  used  was.  85*8  c.c. 
The  excess  of  chlorine  was  then  ascertained  by  adding  sodic  bicarbonate, 
potassic  iodide,  and  starch.  A  slight  blue  colour  occurred ;  this  was  removed 
ty  T^  thiosulphate,  of  which  1*2  c.c.  was  u.sed.  Now,  as  30  c.c.  of  the 
chlorine  solution  required  17  c.c,  the  85*8  c.c.  required  48*62  c.c.  of  thio- 
sulphate. From  this,  however,  must  be  deducted  the  1'2  (!.c.  in  excess, 
leaving  4742  c.c.  y^=4742  c.c.  of  /^  solution,  which  multiplied  by  0*00211, 
the  one-sixth  of  yir^inr  ^^-  (!■  ^q-  of  iodic  acid  liberating  6  eq.  iodine),  gave 
0'010056  gm.  iodme  instead  of  0*01  gm. 

Mohr  suggests  a  modification  of  this  method,  which  dispenses 

with  the  use  of  chloroform,  or  other  similar  agent. 

» 

The  weighed  iodine  compound  is  brought  into  a  stoppered  flask,  and 
chlorine  water  delivered  from  a  large  burette  until  all  yellow  colour  has 
disappeared.  A  drop  of  the  mixture  brought  in  contact  with  a  drop  of 
starch  must  produce  no  blue  colour;  sodic  bicarbonate  is  then  added  till 
the  mixture  is  neutral  or  slightly  alkaline,  together  with  potassic  iodide 
and  starcli ;  the  blue  colour  is  then  removed  by  /jj^  thiosulphate.  The 
strength  of  the  chlorine  water  being  known,  the  calculatiou  presents  no 
difficulty. 

Mohr  obtained  by  this  means  0*010108  gm.  iodine,  instead  of 
101  gm. 

5.    Oxidation  by  Permanffanate  (Beiniffe). 

This  process  for  estimating  iodine  in  presence  of  bromides  and 
chlorides  gives  satisfactory  results. 

When  potassic  iodide  and  permanganate  are  mixed,  the  rose 
colour  of  the  latter  disai)pears,  a  brown  precipitate  of  manganic 
peroxide  results,  and  free  potash  with  potassic  iodide  remains  in 
solution.     1  eq.  1=1 27  reacts  on  1  eq.  K-Mn'W=316,  thus — 

KI  +  K2MnW=KI0»  +  K'^0  +  2Mu02. 
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Heat  accelerates  the  reaction,  and  it  is  advisable,  especially  with 
weak  solutions,  to  add  a  small  (quantity  of  potassic  car])onate  to 
increase  the  alkalinity.     No  organic  matter  must  be  present. 

The  permanganate  and  thio8ulj)hate  solutions  rciiuired  in  the 
process  may  conveniently  be  of  ^j^  strength,  but  their  reaction  upon 
each  other  must  be  definitely  fixed  by  experirfieitt  ^as  follows : — 
2  C.C.  of  iiermanganate  solution  are  freely  diluted  with  water,  a  few 
drops  of  sodic  carbonate  added,  and  the  thiosulphate  added  in  very 
small  ix)rtion8  until  the  rose  colour  is  just  discliarged.  The  slight 
turbi<lity  produced  by  the  j)recipitation  of  hydrated  manganic 
oxide  need  not  interfere  with  the  observation  of  the  exact  point. 

Process :  The  iodine  compound  beiiij?  dissolved  in  water,  and  aXways 
existing  only  in  combination  \>ith  alkaline  or  earthy  basefl,  is  heated  tf 
gentle  boiling,  rendere<l  alkaline  with  sodio  or  potassic  carbonate,  and 
pcrmangannto  added  till  in  distinct  excess,  l)est  known  by  removing?  the 
liquid  from  the  fire  for  a  minute,  when  the  precipitate  will  subside,  leaving 
the  upi>er  licjnid  rose-coloured;  the  whole  may  then  bo  poured  into  a  500-c.c. 
flask,  cooled,  diluted  to  the  mark,  and  100  c.c.  taken  out  for  titration  with 
thiosulphate.  The  amount  so  used,  being  multiplied  by  5,  will  give  the 
proportion  required  for  the  whole  liquid,  whence  can  be  calculated  the 
amount  of  iodine.  To  prove  the  accuracy  of  the  process  in  a  mixture  of 
iodides,  bromides,  and  chlorides,  with  excess  of  alkali,  the  following  experi- 
ment was  made.  7  gm.  commercial  potassic  bromide,  the  sjime  of  sodic 
chloride,  with  1  gm.  each  of  potassic  hydrate  and  carbonate,  were  dissolved 
in  a  convenient  quantity  of  water,  and  heated  to  boiling ;  permanganate  was 
then  added  cautiously  to  destroy  the  traces  of  iodine  and  other  impurities 
affecting  the  permanganate  so  long  as  decolouration  took  place ;  the  slightest 
excess  showed  a  i^roow  colour  (man^nato).  To  the  mixture  was  then  ndde<l 
0124G  gm.  pure  iodine,  and  the  titration  continued  as  described  :  tlie  result 
was  0125  jrm.  I. 

With  systematica  solutions  of  permanganate  and  thiosulphate 
the  calcidation  is  as  follows  : — 

1  c.c.  ^*Jj  solution  =0*01 27  gm.  I. 

6.    By  Nitrous  Aoid  and  Oarbon  Bisulphide  (Fresenius). 
Tliis  process  recjuires  the  following  standard  solutions:  — 

(a)     Potassic  iodide,  about  5  gm.  per  liter. 
(h)     Sodic  thiosulphate,  .^^^  normal,  12*4  gm.  per  liter,  or  there- 
about. 

(c)  2sitrous  acid,  prepared  by  passing  the  gas  into  tolerably 
strong  suli)huric  acid  until  saturated. 

(d)  Pure  Carbon  bisulphide. 

(e)  Solution  of  Sodic  bicarbonate,  made  by  dissolving  5  gm.  of 
the  salt  in  1  liter  of  water,  and  adding  1  c.c.  of  hydrocldoric  acid. 

The  strength  of  the  sodic  thiosulphate  in  relation  to  iodine  is 
first  ascertained  by  placing  50  c.c.  of  the  iodide  solution  into 
a  500  c.c.  8toi)percd  flask,  then  about    150  c.c.   water,   20  c.c. 
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carbon  bisulphide,  then  dilute  sulphuric  acid,  and  lastly,  10  drops 
of  the  nitrous  solution.  The  stopper  is  then  replaced,  and  the 
whole  well  shaken,  set  aside  to  allow  the  carbon  liquid  to  settle, 
and  the  supernatant  liquid  poured  into  another  clean  flask.  The 
carbon  bisulphide  is  then  treated  tliree  or  four  times  successively 
with  water  in  the  same  way  till  the  free  acid  is  mostly  removed, 
the  washings  being  all  mixed  in  one  flask ;  10  c.c.  of  bisulphide 
are  then  added  to  the  washings,  well  shaken,  and  if  at  all  coloured, 
the  same  process  of  w^ashing  is  carried  on.  Finally,  the  two 
quantities  of  bisulphide  are  brought  upon  a  moistened  Alter, 
washed  till  free  from  acid,  a  hole  made  in  the  filter,  and  the 
bisulphide  which  now  contains  all  the  iodine  in  solution  allowed 
to  run  into  a  clean  small  flask,  30  c.c.  of  the  sodic  bicarbonate 
solution  added,  then  brought  under  the  thiosulphate  burette,  and 
the  solution  allowed  to  flow  into  the  mixture  while  shaking  until 
the  violet  colour  is  entirely  discharged.  The  quantity  so  used 
represents  the  weight  of  iodine  contained  in  50  c.c.  of  the  standard 
])otassic  iodide,  and  may  be  used  on  that  basis  to  ascertain  any 
imknown  weight  contained  in  a  similar  solution. 

When  very  small  quantities  of  iodine  are  to  be  titrated,  weaker 
solutions  and  smaller  vessels  may  be  used. 

7.    By  ^  Silver  Solution  and  Starch  Iodide  (Pisanl). 

The  details  of  this  process  are  given  under  the  head  of  silver 
assay  (§  73.2),  and  are  of  course  simply  a  reversal  of  the  method 
there  given.  Tliis  method  is  exceedingly  serviceable  for  estimating 
small  quantities  of  combined  iodine  in  the  presence  of  chlorides 
and  bromides,  inasmuch  as  the  silver  solution  does  not  react  upon 
these  bodies  until  the  blue  colour  is  destroyed. 

IBON. 

Ye  =  56. 

Factors. 

1  c.c.  -j^  permanganate,  bichromate, 

or  thiosul])hate  =  0*0056  Fe 

=  0-0072  FeO 
=  0-0080  Fe20-^ 


J)  >j  >> 


ESTIMATION  IN  THE  FEBBOUS  STATE. 

1.     Verification    of   the    standard    solutions   of   Permanflranate    or 

Bichromate. 

§  63.  The  estimation  of  iron  in  the  ferrous  state  has  already 
been  incidentally  described  in  g§  34,  35,  and  37.  The  present 
and  following  sections  are  an  amplification  of  the  methods  there 
given,  as  applied  more  distinctly  to  ores  and  products  of  iron 
manufacture ;  but  before  applying  the  permanganate  or  bicliromate 
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process  to  these  substances,  and  since  many  operators  prefer,  with 
reason,  to  standardize  such  solutions  upon  metallic  iron,  esi^ecially 
for  use  in  iron  analysis,  the  following  method  is  given  as  the 
best: — 

A  piece  of  soft  iron  wire,  known  as  flower  wire,  is  well  cleaned  with 
scouring  paper,  and  about  1  gnm  accurately  weighed ;  this  is  placed  into 
a  250  c.c.  boiling  flask  a,  and  100  c.c.  of  dilute  pure  sulphuric  acid  (1  part 
concentrated  acid  to  5  of  water)  poured  over  it;  about  a  ^j^ram  of  »odic 
carbonate  in  cr>'stal8  is  then  added,  and  the  a])paratus  fixed  together  as 
in  fig.  42,  the  pinch-cock  remaining  open.  The  flask  a  is  closed  by  a  tight- 
fitting  india-rubber  stopper,  through  whicrh  is  paj«8ed  the  bent  tube.  The 
flask  c  contains  20  or  80  c.c.  of  pure  distillcnl  water;  the  flask  a  being 
supported  over  a  lamp  is  gently  heated  to  boiling,  and  kept  at  this 
temperature  until  all  the  iron  is  dissolved ;  meanwhile  about  300  c.c.  of 
distilled  water  are  boiled  in  a  separate  vessel  to  remove  all  air,  and  allowed  to 
cool.  As  soon  as  the  iron  is  dissolved,  the  lamp  is  removed,  and  the  pinch- 
cock  closed ;  when  cooled  somewhat,  the  pinch-cock  is  opened,  and  the  wash 
water  suffered  to  flow  back  together  with  the  boiled  water,  which  is  added 
to  it  until  the  flask  is  filled  nearly  to  the  murk.  The  apparatus  is  then 
disconnected,  and  the  flask  a  securely  corked  with  a  solid  rubber  cork,  and 
suflered  to  cool  to  the  temperature  of  the  room.  Finally,  the  flask  is  filled 
e.Tactly  to  the  mark  with  the  boiled  water,  and  the  whole  well  shaken  and 
mixed.  When  the  small  portion  of  undissolved  carbon  has  8ubside<I, 
50  c.c,  equal  to  ^  the  weight  of  iron  taken,  may  be  removed  with  the  pipette 
for  titration  with  the  permanganate  or  bichromate. 

In  the  cose  of  permanganate  the  50  c.c.  are  freely  diluted  with  freshly 
boiled  and  cooled  distilled  water,  and  the  standard  solution  cautiously  added 
from  a  tap  burette,  divided  into  ^V  c.c,  until  the  rose  colour  is  faintly 
perceived. 

In  the  case  of  bichromate  the  solution  should  be  less  diluted,  and  the 
titration  conducted  precisely  as  in  §  37. 

The  amount  of  pure  iron  contained  in  the  portion  weighed  for  titration  is 
found  by  the  co-efficient  0*996,  and  from  this  is  calculated  the  working 
strength  of  the  oxidizing  solution  (see  p.  122.) 


Fig.  42. 

Instead  of  the  two  flasks,  many  operators  use  a  single  flask,  fitted 
with  caoutchouc  stopper,  through  wliich  a  straight  glass  tube  is 
passed,  fitted  with  an  india-rubber  slit  valve  (known  as  Bunsen's 
valve),  which  allows  gas  or  vapour  to  pass  out,  but  closes  by 
atmospheric  pressure  when  the  evolution  ceases.  Another 
arrangement  is  described  on  p.  122. 


208  VOLUMETRIC  ANALYSIS.  §    63. 

A  large  number  of  technical  operators  do  not  trouble  themselves 
to  arrange  any  apparatus  of  the  kind  described,  but  simply  dissolve 
a  weighed  quantity  of  wire  of  known  ferrous  contents  in  a  conical 
beaker  covered  with  a  clock  glass.  If  kept  from  draughts  of  cold 
air  while  dissolving  so  as  to  avoid  convection,  it  is  said  that 
practically  no  oxidation  takes  place. 

The  double  iron  salt  (p.  122)  is  a  most  convenient  material  for 
adjusting  standard  solutions,  but  it  must  be  most  carefully  made 
from  pure  materials,  dried  perfectly  in  the  granular  form,  and  kept 
from  the  light  in  small  dry  bottles,  well  closed.  In  this  state  it 
will  keep  for  years  unchanged,  and  only  needs  immediate  solution 
in  dilute  H^SO*  for  use.  Even  in  the  case  of  the  salt  not  being 
strictly  free  from  ferric  oxide,  due  to  faulty  preparation,  if  it  be 
once  thoroughly  dried,  and  kept  as  above  described,  its  actual 
ferrous  strength  may  be  found  by  comparison  with  metallic  iron, 
and  a  factor  found  for  weighing  it  in  system. 

It  should  be  borne  in  mind  that  ferrous  compounds  are  much 
more  stable  in  sulphuric  than  in  hydrochloric  acid  solution,  and 
whenever  possible,  sul])huric  acid  sliould  be  used  as  the  solvent. 
Wlien  hydrochloric  acid  must  be  used,  manganous  or  magnesic 
sulphate  should  be  added  unless  the  solution  is  very  dilute. 

2.    Beduction  of  Perric  Oompounds  to  the  Ferrous  State. 

This  may  be  accomplished  by  metallic  zinc  or  magnesium,  for  use  with 
permanganate,  or  by  stannous  chloride  or  an  alkaline  sulphite  for  bichromate 
solution.  The  magnesium  method  is  elegant  and  rapid  but  costly.  In  the 
case  of  zinc  being  used,  the  metal  must  either  be  free  from  iron,  or  if  it 
contain  any,  the  exact  quantity  must  be  known  and  allowed  for ;  and  further, 
the  pieces  of  zinc  used  must  be  entirely  dissolved  before  the  solution  is 
titrated.*  The  solution  to  be  reduced  by  zinc  should  not  contain  more  than 
0'15  gm.  Fe.  per  250  c.c,  and  for  this  quantity  about  10  gm.  of  Zn.  and 
25  c.c.  H^SO^  are  advisable ;  when  the  zinc  is  all  dissolved,  the  whole 
should  be  boiled  with  exclusion  of  air,  then  cooled  rapidly  before  titration 
with  the  perman^uate.  In  the  case  of  stannous  chloride  the  solution  must 
be  clear,  and  is  best  made  to  contain  10  to  15  gm.  per  liter,  as  directed 
in  §  37.2.  The  point  of  exact  reduction  in  the  boiling  hot  and  somewhat 
concentrated  acid  liquid  may  be  known  very  closely  by  the  discharge  of 
colour  in  the  ferric  solution :  but  may  be  made  sure  by  the  use  of  a  saturated 
aqueous  solution  of  mercuric  chloride  as  mentioned  p.  127.  Some  operators 
use  a  few  drops  of  solution  of  platinic  chloride  in  addition  to  the  mercury. 

It  is  exceedingly  difficult  to  hit  the  exact  point  of  reduction  so 
that  there  shall  be  neither  excess  of  tin  nor  unreduced  iron,  and 

*  Many  operators  now  use  amalgamated  zinc  in  conjunction  with  platinum  foil  for 
the  reduction,  but  a  practical  difficulty  occurs  from  the  platinum  becomiiiK  also 
amalgamated  through  contact  with  the  zinc  and  stopping  the  action.  Beebe 
(C  N.  liii  269)  suggests  the  following  convenient  arrangement :— A  strip  of  thin 
platinum  foil,  1  in.  square,  is  perforated  with  pin  holes  all  over,  then  bent  into 
a  U  form,  and  the  ends  connectea  with  platinum  wire  so  as  to  form  a  basket.  In  this 
is  placed  a  piece  of  amalgamated  zinc,  and  the  whole  8usi>ended  by  a  stout  platinum 
wire  in  the  reducing  flask.  When  lowered  into  the  solution,  another  strip  of  platinum 
foil,  2  in.  square,  is  dropped  in  and  leaned  against  the  wire  carrying  the  basket :  a  very 
free  evolution  of  hydrogen  is  then  obtained  from  the  foil,  when  the  reduction 
is  complete,  the  basket  is  lifted  out  and  well  washed  into  the  beaker  containing  the 
liquid  to  be  titrated. 
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technical  iron  analysts  now  almost  universally  use  mercuric  chloride 
as  a  precaution  against  excess  of  tin  solution.  The  general  method 
of  procedure  is  to  dissolve  the  material  in  diluted  hydrochloric  acid 
(1  acid  2  water)  in  a  conical  beaker  moderately  heated  over  a  rose 
burner;  when  solution  is  complete  the  sides  of  the  vessel  are 
washed  down  with  hot  water,  the  liquid  brought  to  gentle  boiling, 
and  strong  tin  solution  added  from  a  dropping  bottle  until  the 
colour  of  the  iron  solution  is  nearly  discharged,  a  dilute  tin 
solution  is  then  dropped  in  until  all  colour  has  disai>peared,  and 
there  is  a  decided  slight  excess  of  tin.  Cold  air-free  water  is  then 
washed  over  the  sides  of  the  beaker,  the  vessel  covered  with 
a  clock-glass  placed  in  a  bowl  of  cold  water  and  allowed  to  cool, 
an  excess  of  the  mercuric  solution  is  then  added,  and  the 
titration  with  bichromate  is  at  once  completed  in  the  usual  way. 

Some  technical  operators  prefer  to  use  sodic  sulphite  or  amnionic 
bisulphite  for  the  reduction.  In  the  case  of  using  the  sodic 
sulphite  the  solution  of  iron  must  not  be  too  acid  and  shouM 
bo  dilute,  say  a  volume  of  half  a  liter  for  ^  gm.  of  Fe,  the 
sulphite  is  added  and  the  lla-sk  gently  heated  till  the  licjuid 
is  colourless.  It  is  then  boiled  briskly  till  all  SO-  is  dissipated, 
when  cooled  it  is  ready  for  titration  with  bichromate.  In  the  case 
of  ores  containing  titanium  it  is  preferable  to  avoid  the  use  of  zinc 
for  reduction,  as  it  reduces  also  more  or  less  the  titanium  ;  alkaline 
sulphite  does  not. 

The  amnionic  binulphite  is  used  as  follows :— (Atkinson  C.  N.  xlvi.  217^. 
To  the  acid  solution  of  tho  oro  or  metal,  diluted  and  filtered,  ammonia 
is  added  until  u  faint  procipitato  of  ferric  oxide  occurs.  This  is  re-dissolvod 
with  a  few  drops  of  HCl,  and  some  strong  solution  of  bisulphite  added,  in 
tho  proportion  of  about  1  c.c.  for  each  0*1  j?m.  of  ore,  or  0*05  gm.  Fe.  The 
mixture  is  well  stirred,  boiling  water  added,  then  acidified  with  dilute 
sulphuric  acid,  and  boiled  for  half  an  hour :  it  is  then  ready  for  titration. 

D.  J.  Carnegie  {J.  C.  8.  liii.  468)  points  out  tho  value  of  xinc  (hist  for 
the  rapid  reduction  of  ferric  solutions,  and  suggests  the  following  method 
of  carryin)^  it  out. 

The  bottom  of  a  dry  and  narrow  beaker  is  covered  with  zinc  dust  sifted 
throu}<h  muslin.  A  known  volume  of  ferric  solution,  previously  nearly 
neutralized  with  ammonia,  is  placed  in  tho  beaker  and  shaken  with  the  zino 
dast;  then  a  known  volume  of  dilute  sulphuric  acid  is  added  and  shaken  for 
a  few  moments.  The  reduction  is  much  more  rapid  in  neutral  than  in  acid 
solutions,  but  of  course  acid  in  this  case  must  be  present  in  excess  to  keep 
the  iron  in  solution.  Carnegie  withdraws  a  portion  of  the  reduced 
solution  from  the  undissolved  zinc  by  help  of  a  filter,  such  as  is  described  on 
p.  18,  and  as  measured  volumes  have  been  used,  an  aliquot  part  taken  with 
a  pii)ette  may  bo  at  once  titrated,  and  the  amount  of  iron  found.* 

•  Commercial  zinc  dust  is  probably  a  by-product  in  zinc  manufacture,  and  cannot 
therefore  \yc  obtained  pure.  Samples  examined  by  myself,  and  apparently  otliers  also, 
do  not,  however,  contain  much  iron,  but  a  good  deal  of  zinc  oxide  with  tnicoH  of 
cadmium  uud  lead.  Carnefirie  states  that  the  oxide  may  be  removed  by  rcpoatedly 
digestinif  with  weak  acid,  and  still  better,  by  treatment  with  amnionic  chloride  and 
ammonia,  tho  well- washed  dust  beini;  fluolly  dried  on  porous  tiles  in  a  vacuum. 
I  find  that  by  washing;  once  with  strong  alcohol  after  the  water,  and  finally  with  ether, 
the  dust  may  be  rapidily  dried  in  good  condition,  and  when  a  qmintity  of  such  purified 
dust  is  obtamed,  its  amoimt  of  iron  may  easily  be  estimated  once  for  uU,  and  allowed 
for  in  titration.  Gk)od  zinc  dust  is  uudoabtedly  a  valuable  reagent  in  a  laboratory  for 
other  purposes  beside  iron  titrations. 

P 
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Clemens  Jones  in  a  paper  read  before  the  American  Institute  of 
Mining  Engineers,  and  which  is  reproduced  in  C.  N.  Ix.  93,  adopts  the  plan 
suggested  by  Carnegie,  and  has  designed  a  special  apparatus  for  filtering 
the  ferric  solution  through  a  column  of  zinc  dust.  This  arrangement  gives 
complete  reduction  in  a  very  short  period  of  time,  and  is  serviceable  where 
a  large  number  of  titrations  have  to  be  carried  on. 


ESTIMATION    OF    IBON    IN    THE    FEBBIC    STATE. 
1.    Direct  Titration  of  Iron  by  Stannous  Chloride. 

§  64.  The  reduction  of  iron  from  the  ferric  to  the  ferrous  state 
by  this  reagent  has  been  previously  referred  to ;  and  it  will  be 
readily  seen  that  the  principle  involved  in  the  reaction  can  be  made 
available  for  a  direct  estimation  of  iron,  being,  in  fact,  simply 
a  reversion  of  the  ordinary  process  by  permanganate  and 
bichromate. 

Fresenius  has  recorded  a  series  of  experiments  made  on  the 
weak  points  of  this  process,  and  gives  it  as  his  opinion  that,  with 
proper  care,  the  results  are  quite  accurate.  The  summary  of  his 
process  is  as  follows : — 

{a)  A  solution  of  ferric  oxide  of  known  strength  is  first  prepared  by 
dissolving  10*04  gm.of  soft  iron  wire  (=10  gni.of  pure  iron)  in  pure  hydro- 
chloric acid,  adding  potassic  chlorate  to  complete  oxidation,  boiling  till  the 
excess  of  chlorine  is  removed,  and  diluting  the  solution  to  1  liter.* 

(5)  A  clear  solution  of  stannous  chloride,  of  such  strength  that  about  one 
volume  of  it  and  two  of  the  iron  solution  are  required  for  the  complete 
reaction  (see  §  37.2). 

{c)  A  solution  of  iodine  in  potassic  iodide,  containing  about  O'OIO  gm. 
of  iodine  in  1  c.c.  (if  the  operator  has  the  ordinary  decinormal  iodine  solution 
at  hand,  it  is  equally  applicable).    The  operations  are  as  follows  : — 

(1)  1  or  2  c.c.  of  the  tin  solution  arc  put  into  a  beaker  with  a  little  starch, 
and  the  iodine  solution  added  from  a  burette  till  the  blue  colour  occurs; 
the  quantity  is  recorded. 

(2)  50  c.c.  of  the  iron  solution  (■=0'5  gm.  of  iron)  are  put  into  a  small 
flask  with  a  little  hydrochloric  acid,  and  heated  to  gentle  boiling  (preferably 
on  a  hot  plate) ;  the  tin  solution  is  theu  allowed  to  flow  in  from  a  burette 
until  the  yellow  colour  of  the  solution  is  nearly  destroyed ;  it  is  then  added 
drop  by  drop,  waiting  after  each  addition  until  the  colour  is  completely 
gone,  and  the  reduction  ended.  If  this  is  carefully  managed,  there  need  be 
no  more  tin  solution  added  than  is  actually  required;  however,  to  guard 
against  any  error  in  this  respect,  the  solution  is  cooled,  a  little  starch 
added,  and  the  iodine  solution  added  by  drops  until  a  permanent  blue  colour 
is  obtained.  As  the  strength  of  the  iodine  solution  compared  with  the  tin 
has  been  found  in  1,  the  excess  of  tin  solution  corresponding  to  the  iodine 
used  is  deducted  from  the  original  quantity,  so  that  by  this  means  the  volume 
of  tin  solution  corresponding  to  0*5  gm.  of  iron  is  found. 

The  operator  is  therefore  now  in  a  position  to  estimate  any 

•  A  ferric  standard  may  also  bo  made,  aa  suKgosted  by  French  (C.  ^.  Ix.  271),  by 
dissolving  a  weighed  amount  of  double  iron  salt  in  dilute  sidphuric  acid,  addixig'  an 
excess  of  hydrogen  peroxide,  wanning  up,  and  finally  boiling  to  dissipate  the  excess  of 
the  peroxide. 
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unknown  quantity  of  iron  wliidi  may  exist  in  a  given  solution,  in 
the  ferric  state,  by  means  of  tlie  solution  of  tin.* 

If  the  iron  should  exist  j)artly  or  wholly  in  the  state  of  ferrous 
oxide,  it  must  be  oxidized  by  the  addition  of  potassic  chlorate,  and 
l)oiling  to  dissipate  the  excess  of  chlorine,  as  described  in  a,  or 
with  hydrogen  peroxide. 

Example :  50  c.c.  of  iron  solution,  containing  0*5  gra.  of  iron,  required 
25  c.c.  of  tin  ftolution. 

A  solution  containing  an  unknown  quantity  of  iron  wnsthcn  taken  for 
analysis,  which  required  20  c.c,  consequently  a  rule-of-threc'sum  gave  the 
proportion  of  iron  as  follows : — 

25  :  0*50  gm.  :  :  20  :  040  gm. 

It  must  be  remembered  that  the  solution  of  tin  is  not  permanent,  conse- 
quently it  must  be  tested  every  day  afresh.  Two  conditions  are  necessary  in 
order  to  ensure  accumte  results. 

(1)  The  iron  solution  must  be  tolerably  concentrated,  since  the  end  of 
the  reduction  by  loss  of  colour  is  more  distinct ;  and  further,  the  dilution  of 
the  liquid  to  anv  extent  interferes  with  the  quantity  of  tin  solution  necessary 
to  effect  the  reduction.  Presenius  found  that  by  dihiting  the  10  c.o.  of 
iron  solution  with  30  c.c.  of  distilled  water,  0*1  c.c.  more  was  required  than 
in  the  concentrated  state.  This  is,  however,  always  the  case  with  stannous 
chloride  in  acid  solution,  and  constitutes  the  weak  point  in  Streng's  method 
of  analysis  by  its  meiins. 

(2)  The  addition  of  the  tin  solution  if*  the  iron  must  be  so  re^^ulated,  that 
only  a  very  small  quantity  of  iodine  is  necessary  to  estimate  the  excess;  if 
this  is  not  done  another  source  of  error  strips  in,  namely,  the  influence  which 
dilution,  on  the  one  hand,  or  the  presence  of  great  or  small  quantities  of 
hydrochloric  acid  on  the  other,  are  known  to  exercise  over  this  reaction. 
Practically,  it  was  found  that  where  the  addition  of  tin  to  the  somewhat 
concentrated  iron  solution  was  cautiously  made,  so  that  the  colour  was  ju.st 
dis<.*harKed,  the  mixture  then  rapidly  cooled,  starch  added,  and  then  iodine 
till  it  became  blue,  the  estimation  was  extremely  accunte. 

2.    Titration  by  Sodio  Thiosalphate. 

Scherer  fn-st  suggested  the  direct  titration  of  iron  by  thio- 
8ulphato,  which  latt<jr  was  added  to  a  solution  of  ferric  chloride 
until  no  further  violet  colour  was  j)roduced.  This  was  found  by 
many  to  be  inexact,  but  Kremer  (Jounu  f,  Pract,  C/iem.  Ixxxiv. 
^39)  has  mad(}  a  series  of  i)racti(!al  experiments,  the  result  of  which 
is  that  the  following  modified  method  can  be  recommended. 

The  reaction  which  takes  place  is  such  as  to  produce  ferrous 
chloride,  sodicj  tetrathionate,  and  sodic  chloride.  2S20^Na2  + 
IVCl''  +  2IIC1  =  S40''}P  +  4NaCl  +  2FeC12.  The  thiosuli)hate, 
-which  may  conveniently  be  of  j\^  strength,  is  added  in  excess, 
4ind  the  excess  determined  by  iodine  and  starch. 

*  F.  H..  Moriran  (Journ.  Anal.  Chem.  ii.  168)  points  out  a  very  simple  and  useful 
metbcxl  of  findiuK  the  end-point  in  titrating  iron  solutiona  with  etiuiuous  chloride 
without  reiiortinff  to  an  indicator.  It  consista  in  vaiag  a  round  bottom  white  gluiM 
floak  containing  the  boiling  liauid  under  titration,  fixed  over  a  small  bluish-coloured 
B  u  n  8  c  n  flame  at  a  distance  of  13  m.m.  in  a  darkened  room  or  a  dark  comer.  So  long 
as  the  Hlightest  trace  of  unreduced  iron  exists,  a  distinct  green  colour  upitonrs  when 
I  joking  at  the  faint  blue  flame  through  the  solution.  It  is  stated  that  one  iiurt  of  iron 
MS  oxide  may  be  recognized  in  1,500,000  ports  of  solution  by  this  means. 

p  2 
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Process :  The  iron  solution,  containing  not  more  tbnn  1  per  cent,  of  metal, 
which  must  exist  in  the  ferric  state  without  any  excess  of  oxidizing  material 
(best  obtained  by  adding  excess  of  hydrogen  peroxide,  then  boiling  till  the 
excess  is  expelled),  is  moderately  acidified  with  hydrochloric  acid,  sodic 
acetate  added  till  the  mixture  is  red,  then  dilute  hydrochloric  acid  until  the 
red  colour  disappears ;  then  diluted  till  the  iron  amounts  to  i  or  i  per  cent., 
and  t\  thiosulphate  added  in  excess,  best  known  by  throwing  in  a  particle  of 
potassic  sulpliocyanide  after  the  violet  colour  produced  has  disappeared ;  if 
any  red  colour  occurs,  more  thiosulphate  must  be  added.  Starch  and  '(f 
iodine  are  then  used  to  ascertain  the  excess.  A  mean  of  several  exx)erimeDt» 
gave  10006  Fe,  instead  of  100. 

Oudemanns'  Method. — A  simpler  process  for  the  direct  titra- 
tion of  iron  by  thiosulphate  has  been  devised  by  Oudemanns 
(Z.  a.  C.  vi.  129  and  ix.  342),  which  gives  very  good  results. 

Process:  To  the  dilute  ferric  solution,  which  should  not  contain  more 
than  01  to  02  gm.  Fe  in  100  c.c.  nor  much  free  HCl,  3  c.c.  of  1  per  cent, 
solution  of  cuprio  sulphate  are  added,  2  c.c.  of  concentrated  hydrochloric 
acid,  and  to  about  every  lOO  c.c.  of  fluid,  1  c.c.  of  a  1  per  cent,  solution 
of  potassic  thiocyanate. 

The  mixture  may  with  advantage  be  very  slightly  warmed,  and  the 
thiosulphate  delivered  in  from  the  buretto^  at  first  pretty  freely.  The  red 
colour  produced  by  the  indicator  gradually  fades  away ;  as  this  occurs,  the 
thiosulphate  must  be  added  in  smaller  quantities,  constantly  agitating  the 
liquid  until  it  becomes  as  colourless  as  pure  water.  If  any  doubt  exists  a» 
to  the  exact  ending,  a  slight  excess  of  thiosulphate  may  be  added,  and  the 
quantity  found  by  ^  iodine  and  starch.  Greater  accuracy  will  always  be 
insured  by  this  latter  method. 

The  accuracy  of  the  process  is  not  interfered  M'ith  by  the 
presence  of  salts  of  the  alkalies,  strontia,  lime,  magnesia,  alumina,, 
or  manganous  oxide  ;  neither  do  salts  of  nickel,  cobalt,  or  copper,, 
unless  their  quantity  is  such  as  to  give  colour  to  the  solution. 

The  process  is  a  rapid  one,  and  with  care  gives  very  satisfactory 
results. 


3.    Estiznation  by  Iodine  and  Sodio  Thiosulphate. 

When  ferric  chloride  is  digested  with  potassic  iodide  in  excess,, 
iodine  is  liberated,  which  dissolves  in  the  free  potassic  iodide — 

FeCP  +  KI  =  FeCP  +  KCl  + 1. 

Process:  The  hydrochloric  acid  solution,  which  must  contain  no  free 
chlorine  or  nitric  acid,  and  all  the  iron  in  the  ferric  state,  is  nearly 
neutralized  with  caustic  potash  or  soda,  transferred  to  a  well-stoppered  flask, 
and  an  excess  of  strong  solution  of  potassic  iodide  added ;  it  is  then  heated 
to  50°  or  60"  C.  on  the  water  bath,  closely  stopi)ered,  for  about  twenty 
minutes ;  the  fla^k  is  then  cooled,  starch  added,  and  titrated  with  thiosulphate 
till  the  blue  colour  disappears.  This  process  gives  very  satisfactory  results 
in  the  absence  of  all  substances  liable  to  affect  the  potassic  iodide,  such  as 
free  chlorine  or  nitric  acid,  and  is  particularly  serviceable  for  estimating 
small  quantities  of  iron. 
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4.    Estimation  of  Iron  by  Colour  Titration. 

These  niotliods,  whicli  approach  in  delicacy  the  Nessler  tcflt 
for  ammonia,  are  applicable  for  very  minute  quantities  of  iron, 
such  as  may  occur  in  the  ash  of  bread  when  testing  for  alum,  water 
residues,  alloys,  and  similar  cases. 

It  is  first  necessary  to  have  a  standard  solution  of  iron  in  the  ferric  state, 
which  can  be  made  l)y  dissolving  r0O4  }<ni.  of  iron  wire  in  nitro-hydrochlorio 
acid,  precipit'itinK  with  ammonia,  washing  and  re-dissolving  the  ferric  oxide 
in  a  little  hydrochloric  acid,  then  diluting  to  1  liter.  1  c.c.  of  this  solution 
<!outains  1  milligram  of  pure  iron  in  the  form  of  ferric  chloride.  It  may  bo 
further  diluted,  when  required,  so  as  to  contain  ^V  uiiUigram  in  a  c.c,  and 
this  is  the  best  staudanl  to  use.*  The  sohition  for  striking  the  colour  is 
either  jwtiissic  ferrocyanide  or  thiocyanate  dissolved  in  water  (1  :  20). 

Example  uith  Ferrocifanide :  The  material  containing  a  miimte  unknown 
quantity  of  iron,  say  a  water  residue,  is  dissolved  in  hydrocliloric  acid,  and 
<iilutcd  to  100  CO.,  or  any  other  convenient  measure.  10  c.c.  are  placed 
into  a  white  glass  cvlindcr  marked  at  100  c.c,  1  c.c.  of  concentrated  nitric 
«cid  added  (the  prosonco  of  frc<»  acid  is  always  necessary'  in  this  pro(;es.s),  then 
diluted  to  tlie  mark  with  distilled  water,  and  well  stirred. 

1  c.c.  of  ferrocyanide  solution  is  then  added,  well  mi.xed,  and  allowed  to 
{itand  at  rest  a  few  minutes  to  develop  the  colour. 

A  similar  cvlinder  is  then  filled  with  a  mixture  of,  sav  1  c.c.  of  standard 
iron  solution,  I  <•.<•.  nitric  acid  and  distilled  water,  and  1  c.c.  ferrocyanide 
added ;  if  this  docs  not  approach  the  colour  of  the  first  mixture,  other 
<iuantities  of  iron  arc  tried  until  an  exact  similarity  of  colour  occurs.  The 
€.\act  strength  of.  the  inm  solution  being  known,  it  is  easy  to  arrive  at  the 
quantity  of  pure  iron  ]>resont  in  the  substance  examined,  and  to  convert 
it  into  its  st^ite  of  combination  by  calculation. 

Carter  Bell  {J,  S,  C,  I.  viii.  175)  adopts  the  following  plan  in 
the  case  of  waters : — 70  c.c.  of  the  water  are  evaporated  to 
<lrynos.s  in  a  platinum  dish,  and  gently  ignited  to  burn  oti*  organic 
matters.  1  v.c.  of  ililuU*  nitric  acid,  50  c.c.  of  strong  acid  in 
a  liter,  is  then  poured  over  the  residue  from  a  pipette,  and 
<'vaporated  to  dryness  in  the  water  bath ;  the  residue  is  then 
di.ssolved  in  1  c.c.  of  a  10  per  cent,  hydrocblorici  aci<l,  5  or  10  c.c. 
of  distilled  water  adcbnl,  an<l  the  solution  filtenid  and  washed 
through  a  small  filter,  and  made  up  to  50  c.c.  in  a  Nessler  glass; 
and  finally  t<jst<Ml  with  1  c.c.  each  of  ferrocyanide  solution  and 
Jiitric  a(;id. 

With  Thiocyanate. — Tliomson  (/.  C,  S.  1885,  493)  recom- 
mencls  this  method  as  being  specially  available  in  the  presence  of 
other  oi-dinary  metals  and  organic  matters,  silver,  copper,  and 
<obalt  being  tlu^  only  interfering  substances.  The  delicacy  is  said 
to  be  such,  that  1  i>art  of  iron  can  be  recognized  in  50  million  parts 
of  water.     The  presence  of  free  minijral  acids  greatly  adds  to  the 

*  A  solution  of  this  streufrth  can  also  be  mode  hj  weighinir  0*7  fmi.  of  pure  ainmoQio* 
ferrous  sulphate  (§  34.26),  dissolviutir  in  water,  omdifyinir  with  sulphunc  acid,  oddiiiK 
Hufficieut  i>ermiiu^:tt]iute  Bolution  to  convert  the  iron  exactly  into  ferric  suit,  then 
<liluting  to  1  liter.  Uydro^n  peroxide  may  also  be  UEed  in  i>lace  of  i>ennangmittte, 
taking  care  to  dissipate  the  excess  by  boiling. 
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sensitiveness.  The  standard  ferric  solution  may  be  the  same  as  for 
ferrocyanide ;  and  in  preparing  the  material  for  titration,  the 
weighed  quantity  is  dissolved  in  an  appropriate  acid,  evaporatetl 
nearly  to  dryness,  taken  up  with  water,  converted  into  the  ferric 
state  by  cautious  addition  of  permanganate,  then  diluted  with  water 
to  a  measured  volume,  and  an  aliquot  portion  taken  for  titration. 

The  standard  iron  used  by  Thomson  =  y^  m.gm.  per  c.c. 
(0*7  gm.  double  iron  salt  [oxidized]  per  liter). 

IRxample :  Into  two  colourless  glass  cylinders  marked  at  100  c.o.  pour 
5  c.c.  of  nitric  or  hydrochloric  acid  (I  :  5),  to><ether  with  15  c.c.  of 
thiocyanate,  and  to  one  glass  a  measured  volume  of  the  solution  to  be  tested  : 
fill  up  both  glasses  to  the  mark  with  pure  water.  If  iron  be  present,  a  blood 
red  colour  more  or  less  intense  will  be  produced.  Standard  iron  is  then 
cautiously  added  from  a  burette  to  the  other  glass  till  the  colour  agrees. 
The  quantity  of  Pe  taken  should  not  require  more  than  2  or  3  c.c.  of  the 
standard  to  equal  it»  or  the  colour  will  be  too  deep  for  comparison. 

If  other  metals  are  present  whicli  form  two  sets  of  salts,  they 
must  be  in  the  higher  state  of  oxidation,  or  the  colour  is  destroyed. 
Oxalic  acid  also  destroys  it.  Examples  in  the  presence  of  a  great 
variety  of  metals  show  very  good  results. 

IBON    OBES. 

§  65.  The  great  desideratum  in  the  analysis  of  iron  ores  is 
to  get  them  into  the  finest  possible  state  of  division,  and  ten 
minutes'  hard  work  with  the  agate  mortar  will  often  save  hours 
of  treatment  of  the  material  with  acids.  The  of)erator  of 
experience  can  generally  tell  if  the  ore  to  be  examined  will  dissolve 
in  acids.  8ome  clay  iron  stones  and  brown  haematites  contain 
organic  matters,  and  they  are  best  first  roasted  in  an  open  platinum 
crucible,  gradually  raising  the  heat  to  redness ;  this  course  is 
advisable  also  when  an  ore  contains  pyrites ;  this  latter  is  easily 
converted  to  Fe-0"^  by  roasting.  The  proportion  in  iron  ores  is 
generally  under  half  a  per  cent.  Some  ores  give  a  residue  in  any 
case  by  treatment  with  HCl,  this  should  be  separated  by  filtration  and 
fused  with  sodic  carbonate  which  will  render  all  the  iron  in  a  soluble 
state.  In  the  analysis  of  iron  ores  it  is  very  often  necessary  to 
determine  not  only  the  total  amount  of  iron,  but  also  the  state  in 
whicli  it  exists ;  for  instance,  magnetic  iron  ore  consists  of 
a  mixture  of  the  two  oxides  in  tolerably  definite  proportions,  and 
it  is  sometimes  advisable  to  know  the  quantities  of  each. 

In  order  to  prevent,  therefore,  in  such  cases,  the  further  oxidation 
of  the  ferrous  oxide,  the  little  flask  apparatus  (fig.  43)  adopted  by 
Mohr  is  recommended,  or  fig.  42  is  equally  serviceable. 

The  left-hand  fla^k  contains  the  weighed  ore  in  a  finely  powdered  state,  to 
which  tolerably  strong  hydrochloric  acid  is  added ;  the  other  flask  contains 
distilled  water  only,  the  tube  from  the  first  flask  entering  to  the  bottom  of  the 
second.  When  the  ore  is  ready  in  the  flask  and  the  tub^  fitted,  hydrochloric 
acid  is  poured  in,  and  a  few  grains  of  sodic  bicarbonate  added  to  produce 
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a  Sow  of  CO-.  Tbo  uir  of  the  lluk  is  thus  diltpellcd,  ntid  as  tho  acid  dissolves 
the  ore,  the  ganea  evolved  drive  out  iti  turn  tlie  CO-,  which  is  i>artly  absorbed 
by  the  mtcr  in  (he  secoiid  flask.  When  (he  ore  is  all  dissolvod  and  Iho 
lamp  removed,  the  water  immodiittoly  rushes  out  of  the  second  flask  into  Iho 
flrtt,  dilutint;  and  cooling  tho  solution  of  ore.  bo  that,  in  the  miijority 
of  oases,  it  in  rendy  for  immediate  litratinn.  It  not  Bufflciently  cool  or 
dilute,  a  siiRtcient  quantity  of  boiled  and  cooled  distilled  water  is  added. 

When  tlie  total  amount  of  iron  present  in  any  saniplc  of  ore  lias 
to  be  dotemiiiiod,  it  is  necessary  to  reduce  any  i>eroxiJo  present  to 
the  state  of  |)roto.vide  previous  to  titmtion. 


FiK.  43. 


B^notlon  to  the  Ferron*  stAta  may  tic  done  by  sodie  siilitliito 
in  dilute  solution,  but  not  no  with  stannous  chloride,  tho  latter 
must  t>e  us<>d  in  a  Iniling  and  concentrated  solution  ntrongly 
Jiciditied  with  hydrochloric  Hcid.  Most  tcclmica)  opemtora  now 
use  the  tin  method,  which,  by  the  help  of  mercuric  chkirido  as 
dcsirilxul  §  G3.2,  is  rendered  both  rapid  and  trustworthy.  Both 
with  the  sulphite  and  tin  method  bichromate  is  tlie  invariable 
titrating  solution.  Wien  permanganate  is  to  be  naod  for  titration 
the  reduction  is  always  best  ninde  with  zinc  or  ntagncsium  in 
sulphuric  or  very  weak  hydrochloric  acid  solution.  With  luehro- 
nmtc,  the  best  agent  is  either  pure  sodic  sulphite,  amnionic 
bisulphite,  or  stannous  chloiide, 

1.  B«tuid  Broim  HsamkUtea. — Red  hiemetitc  consists  generally 
of  ferric  oxide  acconii>anicd  with  matters  insoluble  in  acids, 
.Sometimes,  however,  it  contains  phosjihorie  acid,  manganese,  and 
earthy  carbonates. 

Brown  hiematitc  contains  hydrated  ferric  oxide,  often  accompanied 
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by  small  quantities  of  ferrous  oxide,  manganese,  and  alumina; 
sometimes  traces  of  copper,  zinc,  nickel,  cobalt,  with  lime,  magnesia 
and  silica ;  occasionally  also  organic  matters. 

In  cases  where  the  total  iron  only  has  to  be  estimated,  it  is 
advisable  to  ignite  gently  to  destroy  organic  matters,  then  treat 
with  strong  hydrochloric  acid  at  near  boiling  heat  till  all  iron  is 
dissolved,  and  in  case  ferrous  oxide  is  present  add  small  quantities 
of  potassic  chlorate,  afterwards  evaporating  to  dryness  to  dissipate 
free  chlorine  :  then  dissolve  the  iron  with  hot  dilute  hvdrochloric 
acid,  filter,  and  make  up  to  a  given  measure  for  reduction  and 
titration. 

In  some  instances  the  insoluble  residue  persistently  retains  some 
iron  in  an  insoluble  form;  when  this  occurs,  resort  must  be  had  to 
fluxing  the  residue  with  sodic  carbonate,  followed  by  solution  in 
hydrochloric  acid. 

2.  Hasmetic  Iron  Ore. — The  ferrous  oxide  is  determined  first  by 
means  of  the  apparatus  fig.  42  or  4.3.  The  ore  is  put  into  the 
vessel  in  a  state  of  very  fine  powder,  strong  hydrochloric  acid 
added,  together  with  a  few  grains  of  sodic  bicarbonate,  and  heat 
applied  gently  with  the  lamp  until  the  ore  is  dissolved,  then 
diluted  if  necessary,  and  titrated  with  bichromate  or  permanganate. 
Technical  operators  generally  use  only  a  covered  beaker. 

Example :  0*5  gill,  of  oro  was  treated  as  above,  and  required  19*5  c.c.  of 
yV  bichromate,  which  raultipliel  by  0  0)56  gave  010J2  gm  of  iron  =  0*1404 
gm.  of  ferrous  oxide  =2808  per  cent.  FeO. 

The  ferric  oxide  was  now  found  by  reducing  0*5  gm.  of  the  same  ore,  and 
estimating  the  total  iron  present:  the  quantity  of  bichromate  required  was — 

59  c.c.  A=0'3304  gm.  total  Fe 
Deduct       01092  gm.  Fe  as  FeO 


Leaving  0'22I2  gm.  Fe  as  Fc-0» 

The  result  of  the  analysis  is  therefore — 

Ferrous  oxide 2808  per  cent. 

Ferric  oxide       63*20 

Difference  (Gangue,  etc.)        ...  8*72 


100*01) 


3.  Spathose  Iron  Ore. — The  total  amount  of  ferrous  oxide  in 
this  carbonate  is  ascertained  directly  by  solution  in  hydrochloric 
acid  ;  as  the  carbonic  acid  evolved  is  generally  sufficient  to  expel 
all  air,  the  tube  dipi)ing  under  water  may  be  dispensed  with.  If 
the  ore  contains  pyrites  it  should  be  first  roasted,  but  this  of  course 
converts  the  ferrous  carbonate  into  Fe-O'^. 

As  the  ore  contains,  in  most  eases,  the  carbonates  of  manganese, 
lime,  and  magnesia,  these  may  all  be  determined,  together  with  the 
iron,  as  follows : — 

A  weighed  i}ortion  of  ore  is  brought  into  solution  in  hydrochloric  acid, 
after  ignition  if  pyrite  is  present,  and  filtered,  if  necessar}^  to  separate 
insoluble  silicious  matter. 
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The  solutiou  \»  then  boiled,  with  a  few  drops  of  nitric  acid  to  poroxidize 
the  iron,  diluted,  nearly  neutralized  with  ammonia,  and  a  Holution  of 
ummonic  acetate  added,  then  boiled  for  two  minuter  and  allowed  to  Hcttle. 
The  precipitate  is  collected  on  a  filter  and  washed  with  boiling  water, 
<Tontainin^  a  little  ammonic  acetate.  It  in  then  dis^iolved  off  the  filter  in 
HCl  which  also  dissolves  any  Al-O*  or  P-0*  which  may  be  present.  The 
liquid  is  then  evaporated,  reduced,  and  titrated  as  usual. 

The  filtrate  from  the  above  is  concentrated  by  evaporation,  cooled,  3  or 
4  c.c.  of  bromine  added,  and  well  mixed  by  shaking;  when  most  of  the 
bromine  is  dissolved  the  liquid  is  rendered  alkaline  by  ammonia,  and  gently 
warmed  till  the  Mn  sep:irates  in  large  fiocks  as  hydrated  oxide,  i^'hich  is 
collected  and  titrated  by  one  of  the  methods  in  §  67. 

The  filtrate  from  the  last  is  mixed  with  ammonic  oxalate  to  precipitate  the 
lime,  which  is  estimated  by  permanganate,  as  in  §  52. 

The  filtrate  from  the  lime  contains  the  magnesiti,  which  may  be  precipitated 
with  sodio  phosphate  and  ammonia,  and  the  precipitate  weighed  as  usual,  or 
titrated  with  uranium  solution. 

4.  Estiination  of  Iron  in  Silicates. — Wilbur  and  Whittlesey 
{C.  N,  xxii.  2)  give  a  series  of  determinations  of  iron  existing  in 
various  silicates,  either  as  mixtures  of  ferric  and  ferrous  salts  or  of 
either  separately,  uhicli  appear  very  .satisfactory. 

The  vory  finely  powdered  silicate  is  mixed  with  rjither  more  than  its  own 
weight  of  powdered  fluor-spar  or  cryolite  (free  from  iron)  in  a  platinum 
crucible,  covered  with  hydrochloric  acid,  and  heated  on  the  water-bath  until 
the  silicate  is  all  dissolved.  During  the  digestion  either  carbonic  acid  gas  or 
coal  ga**  free  from  ll-S  is  supplied  over  the  surface  of  the  licjuid  so  as  to 
prevent  access  of  air.  When  decomposition  is  complete  (the  time  varying 
with  the  nature  of  the  material),  the  mixture  is  diluted  and  titrated  with 
])ermanganate  in  the  usual  way  for  ferrous  oxide;  the  ferric  oxide  can  then 
be  reduce<l  by  zinc  and  its  proportion  found. 

By  Hydrofluoric  Acid.  -2  gm.  of  the  finely  iwwdered  silicate  are  placed 
in  a  deep  platinum  crucible,  and  4()  c.c.  of  hydrofluoric  acid  (containing 
about  20  |>er  cent.  IIF)  added.  The  mixture  is  heatcnl  to  near  the  boiling 
p)int  and  occasionally  stirred  with  a  platinum  wire  until  the  decomposition 
of  the  silimte  is  complete,  which  occu]>ies  u»iually  about  ten  minutes.  10  c.c. 
of  pure  ir-SO"*  diluted  with  an  c<|ual  quantity  of  water  are  then  added,  and 
the  heat  contiinied  for  a  few  minutes.  The  crucible  and  its  contents  are 
then  quickly  cooled,  diluted  with  fresh  boiled  water,  and  the  ferrous  salt 
estimated  with  permanganate  or  bichromate  as  usual. 

Leeds  (Z.  a.  C.  xvi.  323)  recommends  that  the  finely  po\vdered 
silicjite  be  mixed  with  a  suitable  (juantity  of  dilute  suljdiuric 
acid,  and  air  excluded  by  CO-  during  the  action  of  the  hydroHuoric 
acid.  The  titration  may  then  at  once  be  proceeded  with  when  the 
decomposition  is  complete. 

If  the  hydrofluoric  acid  has  been  prepared  in  leaden  vessels,  it 
invariably  contains  H(y^ ;  in  such  cases  it  is  necessary  to  add  to  it, 
j)revi()us  to  use,  some  hydrogen  peroxide  (avoiding  excess)  so  as  to 
oxidize  the  SCK 

The  process  is  a  rapid  and  satisfactory  one,  yielding  nuich  more 
accurate  results  tlian  the  method  of  fusion  with  alkaline  carbonates 
or  acid  {wtassic  sulphate. 
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6.     Colorimetrio  estimation  of  Carbon   in  Steel  and  Iron. — ^The 

method  devised  by  Eggertz,  and  largely  adopted  by  chemists,  for 
estimation  of  combined  carbon,  is  well  known,  but  is  open  to  the 
objection  that  minute  quantities  of  carbon  cannot  bo  discriminated 
by  it,  owing  to  the  colour  of  the  ferric  nitrate  present.  Stead 
(O.  N,  xlvii.  285)  in  order  to  overcome  this  difficulty  has  devised 
a  method  described  as  follows : — 

In  some  careful  investigations  on  the  nature  of  the  colouring 
matter  which  is  produced  by  the  action  of  dilute  nitric  acid  upon 
white  iron  and  steel,  it  was  found  it  had  the  property  of  being 
soluble  in  potash  and  soda  solutions,  and  that  the  alkaline  solution 
had  about  two  and  a  half  times  the  depth  of  colour  possessed  by 
the  acid  solution.  This  being  so,  it  was  clear  that  the  colouring 
matter  might  readily  be  separated  from  the  iron,  and  be  obtained 
in  an  alkaline  solution,  by  simply  adding  an  excess  of  sodic 
hydrate  to  the  nitric  acid  solution  of  iron,  and  that  the  coloured 
solution  thus  obtained  might  be  used  as  a  means  of  determining 
the  amount  of  carbon  present.  Upon  trial  this  was  found  to 
be  the  case,  and  that  as  small  a  quantity  as  0*03  i)er  cent,  of 

carbon  could  be  readilv  determined. 

t/ 

The  solutions  required  are  : — 

Standard  solution  of  Nitric  acid,  1  '20  sp.  gr. 

Standard  solution  of  Sodic  hydrate,  1  '27  sp.  gr. 

Procets :  Oue  gram  of  the  steel  or  iron  to  be  tested  is  weighed  off  and 
I)laced  in  a  200  c.c.  beaker,  and  after  covering  with  a  watch-glass,  12  c.c. 
of  standard  nitric  acid  are  added.  The  beaker  and  contents  are  then  placed 
on  a  warm  plate,  heated  to  about  90**  to  100"  C,  and  there  allowed  to  remain 
until  dissolved,  which  does  not  usually  take  more  than  ten  minutes.  At  the 
same  time  a  standard  iron  containing  a  known  quantity  of  carbon  is  treated 
in  exactly  the  same  way,  and  when  both  are  dissolved  80  c.c.  of  hot  water 
are  added  to  each,  and  13  c.c.  soda  solution. 

The  contents  are  now  to  be  well  shaken,  and  then  poured  into  a  glass 
measuring-jar  and  diluted  till  they  occupy  a  bulk  of  60  c.c.  After  again 
well  mixing  and  allowing  to  stand  for  ten  minutes  in  a  warm  place,  they  are 
filtered  through  dry  filters,  and  the  filtrates,  only  a  |)ortion  of  which  is  used, 
are  compared.  This  may  be  done  by  pouring  the  two  liquids  into  two 
separate  measuring  tubes  in  such  quantity  or  proportion  that  upon  looking 
down  the  tubes  the  colours  appear  to  be  equal. 

Thus  if  50  measures  of  the  standard  solution  arc  poured  into  one  tube,  and  if 

the  steel  to  be  tested  contains  say  half  as  much  as  the  standard,  there  will  be 

100  measures  of  its  colour  solution  required  to  give  the  same  tint.    The  carbon 

is  therefore  inversely  proportional  to  the  bulk  compared  with  the  standard, 

and  in  the  above  assumed  case,  if  the  standard  steel  contained  0*05  per  cent. 

carbon,  the  following  simple  equation  would  give  the  carbon  in  the  sample 

tested : — 

005x50    ^^„^ 

— i 0^ —  =  002o  per  cent. 

The  proportions  here  given  must  be  strictly  adhered  to  in  order  to  insure 
exactness.  The  colours  from  low  carbon  irons  differ  in  tint  from  those  in 
high  carbon  steels,  and  therefore  a  low  standard  specimen  must  be  used  for 
connMirison.    It  is  evident  that  the  safest  plan  to  insure  absolute  comparison 
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is  to  weigh  and  dissolve  a  known  standard  steel  or  iron  for  each  batch 
of  tests. 

Stead  has  devised  a  8i)ecial  colorimeter  for  the  process,  but  it  is 
evident  that  any  of  the  usual  instruments  may  be  used. 

Arnold  {Steel  WovIh  Analysis,  j).  46)  gives  the  following 
conditions  as  necessary  for  the  accurate  working  of  the  Eggertz 
test 

{a)  The  standard  steel  should  have  been  made  by  the  same  process  as  tho 
sample. 

(6)  The  standard  should  be  in  the  same  physical  condition,  as  far  as  this 
can  bo  secured  by  mechanical  means. 

{e)  The  standard  should  not  differ  greath'  in  tho  percentajje  of  carbon. 

{d)  The  solution  of  the  standard  and  the  samples  should  be  made  at  the 
same  time,  and  under  identicsd  conditions,  and  the  comparisons  should  be 
made  without  delay. 

(«)  Above  all,  the  standard  should  be  above  suspicion,  its  carbon  cont<»nt» 
havinj^  been  settled  on  the  mean  of  several  conconlant  combustions  made  on 
different  wei^'-hts  of  steol  from  a  homogeneous  bar. 

6.    Estimation  of  Arsenic    in    Iron    Ores,   Steel,   and    Piff    Iron 

(J.  E.  Stead). — The  best  method  of  separating  arsenic  from  iron 
solutions  is  undoubtedly  that  of  distilling  with  hydrochloric  acid 
and  ferrous  chloride. 

Stead  found  after  many  trials  and  experiments,  that  if  the 
distillation  is  conducted  in  a  8i)ecial  manner,  the  whole  of  the 
arsenic  may  be  obtiiined  in  the  distillat<.*,  unaccompanied  with  any 
traces  of  chloride  of  iron,  and  that  if  the  hydrochloric  acid  is 
nearly  neutralized  with  ammonia,  and  finally  completely  neutralized 
with  bicarbonate  of  soda,  the  arsenic  can  be  d(»termined 
volumetricall}'  with  a  sUmdard  solution  of  iodine. 

The  standard  solutions  required  are  : — 

Arsenious  oxide.  0*66  gm.  (0*5  gm.  metidlic  arsenic)  of  pure 
arsenious  acid  in  fine  powder  is  weighed  and  placed  into  a  flask, 
with  2  gm.  of  sodic  carbonate  and  100  c.c.  of  boiling  distill e<l 
water,  and  the  liquid  boiled  till  all  the  arsenious  oxide  has 
dissolved.  When  cool,  2  gm.  of  sodic  bicarbonate;  are  added 
and  diluted  to  one  liter  :  1  c.c.  =  0*0005  gm.  As. 

Imlino  solution.  1*275  gm.  of  pure  iodine  is  dissolved  in  2  gm. 
of  j)otassi(i  iodide  and  wat(*r,  the  solution  diluted  to  one  liter,  then 
standardized  by  titrating  20  c.c.  of  the  arsenious  solution.  If  tho 
iodine  has  been  pure,  20  c.c.  of  the  solution  should  be  reciuired  to 
just  proiluce  a  permanent  blue  with  starch  indicator. 

These  solutions  kee[)  fairly  well  without  altemtion  for  several 
months.  It  is  advisable,  however,  to  periodically  ascertain  the 
value  of  the  iodine  by  titrating  20  or  30  c.c.  of  the  arsenic 
solution. 

Process  for  Sfeel :  From  1  to  50  gm.  of  the  steel  in  drillings  are 
introduced  into  a  3<)-ounce  fla«k,  and  a  sufficient  quantity  of  equal  parts  of 
strong  hydrochloric  acid  and  water  is  adde<l  to  dissolve  it.  The  mouth  of  the 
flask  is  closed  with  a  rubber  cork  carrying  a  safety  tube,  and  a  tube  to 
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convey  tbo  gas  evolved  into  the  "Winkler's  8])iral  absorption  tubes, 
containiuj,'  a  strong  saturated  solution  of  bromine  in  water. 

The  tube  is  filled  to  one-third  of  its  length  with  the  solution,  and  about 
J  c.c.  of  free  bromine  is  run  in  to  replace  the  bromine  which  is  consumed  or 
carried  out  with  the  passing  gas. 

The  contents  of  the  flask  are  now  gently  heated  to  such  a  degree  that 
a  steady  but  not  rapid  current  of  gas  passes  through  the  bromine  solution. 

In  about  one  hour  the  whole  of  the  steel  will  be  dissolved,  and  when  no 
more  evolution  of  hydrogen  can  be  observed,  the  liquid  in  the  flask  is  well 
boiled,  so  as  to  completely  drive  all  the  gas  into  and  through  the  bromine 
solution. 

The  absor])tion  tube  is  now  disconnected,  and  the  bromine  solution 
containing  that  part  of  the  arsenic  which  has  passed  off  as  gas  is  rinsed  out 
into  a  small  100  c.c.  beaker,  and  the  excess  of  bromine  is  gently  boiled  oflf, 
and  the  clear  colourless  solution  is  poured  into  the  flask.  About  0*5  gm.  of 
2inc  sulphide  is  now  dropped  into  the  iron  solution  and  the  contents  are 
violently  shaken  for  about  three  minutes,  by  which  time  the  whole  of  the 
arsenic  will  be  in  the  insoluble  state,  partly  as  sulphide  and  partly  as  a  black 
precipitite  of  possibly  free  arsenic  and  arsenide  of  iron. 

It  has  been  found  that  violent  agitation  for  a  few  minutes  is  quite  as 
efficacious  in  effecting  the  complete  separation  of  arsenic  sulphide  as  by  the 
method  of  passing  a  current  of  CO-  through  the  solution  to  remove  the 
excess  of  hydric  sulphide,  or  by  allowing  it  to  stand  ten  or  twenty  hours  to 
settle  out. 

The  insoluble  precipitate  is  now  rapidl}'  filtered  through  a  smooth  filter- 
paper,  and  the  flask  is  rinsed  with  cold  distilled  water.  The  precipitate 
usually  does  not  adhere  to  the  filter,  and  in  such  cases  the  paj)er  is  spread 
out  flat  upon  a  porcelain  slab,  and  the  arsenic  compounds  are  rinsed  off  with 
a  fine  jet  of  hot  water  into  a  small  beaker.  The  precipitate  is  now  dissolved 
in  bromine  water,  and  a  drop  or  two  of  HCl. 

The  bromine  solution  now  containing  all  the  arsenic  is  gently  boiled  to 
expel  the  bromine,  and  it  is  then  poured  into  a  lO-ounce  retort  and  is 
distilled  with  ferrous  chloride  and  hydrochloric  acid. 

The  apparatus  used  consists  of  an  ordinary  Liebig's  condenser,  but  the 
retort  lias  its  neck  bent  to  an  angle  of  about  150',  and  this  is  attached  to  the 
condenser,  so  that  any  iron  mechanically  cirried  over  may  run  back.  By 
this  device,  the  distillate  will  never  contain  more  than  the  very  slightest 
trace  of  iron. 

The  solution  contiining  the  arsenic  having  l)een  run  into  the  retort,  the 
beaker  is  waslied  out  and  the  washings  are  also  poured  in.  If  the  solution 
is  much  above  20  c.c.  in  bulk,  it  is  advisable  to  add  a  strong  solution  of 
ferrous  chloride  containing  about  0*5  gm.  of  iron  in  the  ferrous  state,  and 
for  this  piu*pose  nothing  answers  so  well  as  a  portion  of  the  steel  solution 
remaining  after  separating  the  arsenic,  which  is  first  well  boiled  to  free  it 
from  hydric  sulphide,  and  should  contain  about  10  per  cent,  of  soluble  iron 
as  ferrous  chloride.  5  c.c.  of  this  solution  will  contain  the  necessary  amount 
of  iron  to  add  to  the  retort.  After  adding  the  chloride,  it  is  best  to  boil 
down  the  solution  to  about  20  c  c.  before  adding  any  HCl,  taking  care,  of 
course,  to  collect  what  liquid  distils  over.  When  the  necessary  concentration 
has  been  effected,  20  c.c.  strong  HCl  is  run  in,  and  the  distillation  is 
continued  till  all  excepting  about  10  c.c.  has  passed  over.  A  further 
<|uantity  of  20  c.c.  mixed  with  5  c.c.  of  water  is  run  in,  and  this  is  all 
distilled  over.  At  this  point,  as  a  rule,  all  the  arsenic  will  have  passed  into 
the  distillate,  but  it  is  advisable  to  make  quite  certain, and  to  add  a  third  portion 
of  acid  and  water,  and  to  distil  it  over.  If  the  distillation  has  not  been 
forced,  the  distillate  will  be  quite  colourless.  The  arsenic  in  the  distillate 
will  exist  as  arsenious  chloride,  accom])anied  with  a  large  excess  of 
hydrochloric  acid.    A  drop  of  litmus  is  put  into  this  solution,  and  strong 
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ammonia  is  run  in  until  alkaline.  It  is  now  made  sli^s'htly  acid  u-ith  a  few 
drops  of  HCl,  and  a  slight  excess  of  solid  bicarbonate  of  soda  is  drop])ed  in. 
The  contents  of  the  flask  are  now  cooled  by  a  stream  of  water,  and,  after 
adding  a  clear  solution  of  starch,  the  standard  iodine  is  run  in  from  a  burette 
till  a  deep  permanent  blue  colouration  is  produced. 

If  the  steel  or  iron  contjiins  much  arsenic,  a  smaller  quantity,  say,  one  or 
two  gm.,  may  be  dissolved  in  nitric  acid  of  1*20  specific  gravity  and  the 
solution  evaporated  to  dryness,  the  residue  being  dissolved  in  hydrochloric 
acid,  and  the  solution  transferred  to  the  retort,  and  distilled  directly  with 
ferrous  chloride  and  hydrochloric  acid,  care  being  taken  that  the  distillation 
is  not  forced,  so  as  to  avoid  any  of  the  iron  solution  passing  over  into  the 
distillate. 

Proceu  for  Pig  Iron:  In  testing  pig  irons,  they  may  be  dissolved  in 
nitric  acid  and  evaporated  to  drynesj,  or  be  treated  in  a  flask  with  HCl 
exactly  in  the  manner  described  above,  but  it  is  advisable,  if  the  latter 
method  is  adopted,  after  treating  the  voluminous  mass  of  silica  and 
graphite,  «5mj.,  with  bromine  and  hydrochloric  acid,  to  filter  off  the  insoluble 
matter  and  distil  the  clear  solution. 

Proceis  for  Iron  Ore* :  In  testing  ores,  it  is  only  necessary  to  place  the 
I>owdered  ore  directly  into  the  retort,  and  distil  at  once  with  HCl  and 
ferrous  chloride,  taking  care  to  i)lace  a  few  pieces  of  fire-brick  also  in  the 
vessel,  to  avoid  bumping. 

If  the  ore  contains  much  manganese,  it  is  advisable  to  dissolve  it  in 
a  separate  vessel  to  liberate  and  expel  the  chlorine,  and  then  to  transfer  it 
into  the  retort. 

The  time  taken  to  test  iron  or  steel  need  not  exceed  two  hours,  and  for 
iron  or  other  ores  not  much  more  than  half  an  hour. 

It  \»  quite  possible  to  accurately  determine  as  small  a  quantity  as  0*002 
per  cent,  of  arsenic  by  this  method. 

When  dissolving  steels  in  dilute  HCl,  if  there  is  no  rust  on  the  sample  or 
ferric  chloride  present  in  the  acid,  and  the  presence  of  air  is  carefully 
avoided,  as  a  rule  only  about  one-tenth  of  the  total  arsenic  present  passes  off 
with  the  gas. 

Plattcn^s  methcKl,  alluded  to  on  page  149,  depends  on  the  fact 
that  when  sulj)hi(le  of  arsenic  (obtained  hy  treating  the  arsenical 
distillate  with  H-^S)  is  boiled  with  pun;  water,  the  gas  esc«i)e8,  and 
arsenious  oxide  remains  in  solution.  This  solution  is  then  titrated 
with  iodine;  in  the  usual  way. 

Both  methods  have  been  proved  to  give  identical  results,  wdien 
carried  out  by  separate  skilled  operators  on  the  same  samples  of 
material. 

7.  Estimation  of  Phosphorus  in  Iron  and  Steel.  Dudley  and 
Pease  (/.  Anal.  Chem,  vii.  108^  adopt  the  following  method: — 

1  gm.  of  the  sample  is  dissolved  in  an  Erlenmeyer  flask,  in  75  c.c.  of 
nitric  acid  of  sp.  gr.  1*15;  when  dissolved,  it  is  boiled  for  a  minute  and 
mixed  with  10  c.c.  of  a  solution  of  potassio  permanganate,  and  then  again 
lK)iled  until  manganese  dioxide  begins  to  separate.  The  liquid  is  now 
cleared  by  the  cautious  addition  of  pure  ferrous  sulphate,  heated  to  85°  C, 
and  mixed  with  75  c.o.  of  ammonium  molybdate  solution  at  27^  C.  After 
shaking  for  five  minutes  in  a  whiriing  apparatus,  the  precipitate  is  washed 
with  solution  of  ammonic  sulphate  until  the  washings  give  no  colouration 
with  ammonic  sulphide,  and  then  dissolved  in  a  mixture  of  5  c.c.  of 
ammonia  and  25  c.c.  of  water.     The  solution  is  now  mixed  with  10  c.c.  of 
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strong  sulphuric  acid,  diluted  to  200  c.c,  and  reduced  with  zinc.  The 
solution  is  then  titrated  with  permanganate.  The  volume  of  the  latter 
-which  represents  1  gm.  of  Fe  equals  0  0172444  gm.  of  P. 

8.  Estiznatlon  of  Sulphnr  in  Iron  and  Steel. — The  necessary 
solutions  for  this  method  are — 

Standard  iodine,  1  c.c.  of  which  equals  1  m.gm.  of  S,  made  by 
<lissolving  7*9  gm.  of  pure  iodine  with  16  gm.  of  potassic  iodide 
in  a  liter  of  water. 

Standard  sodic  thiosulphate  of  corresponding  strength — this 
solution  should  also  contain  about  20  gm.  of  sodic  bicarbonate  in 
the  liter.     The  two  solutions  are  adjusted  by  titration  with  starch. 

Solution  of  caustic  soda — 280  gm.  of  good  commercial  hydrate 
are  dissolved  in  a  liter  of  water,  and  as  the  soda  generally  contains 
«ome  substances  capable  of  liberating  iodine,  a  titration  must  be 
made  for  each  lot  of  solution  to  find  the  constant  for  that 
particular  solution. 

Process :  6  gm.  of  drillings  are  put  into  a  20  oz.  flask,  to  which  is  fitted 
ti  ruhher  stopper  with  two  holes,  through  one  of  which  is  a  safety  funnel 
and  the  other  a  blank  pipette,  the  upper  end  of  which  is  bent  twice  at  right 
angles,  and  attached  by  a  small  rubber  stopper  to  a  f-in.  bulb  (J  tube. 
Into  this  latter  is  put  7  c.c.  of  the  caustic  soda  solution  and  the  apparatus 
3)ut  together.  75  c.c.  of  dilute  HCl  (2  acid  1  water)  are  poured  through  the 
funnel,  and  the  flask  placed  over  a  burner  and  heated  moderately  until  the 
8teel  is  dissolved.  The  tube  containing  the  soda  solution  is  disconnected, 
lK)ured  and  washed  into  a  beaker  containing  15  c.c.  of  dilute  H-SO^  (1  :  4) 
mixed  with  as  much  iodine  solution  as  will  be  in  excess  of  the  sulphur 
expected.  The  mixture  is  diluted  to  about  200  c.c.  and  at  once  titrated 
with  thiosulphate  and  starch.  The  number  of  c.c.  of  iodine  required,  plus 
i/he  caustic  soda  constant,  multiplied  by  20  will  give  the  i)ercontage  of 
sulphur. 

LEAD. 

Pb  =  206-4. 

1  c.c.  y^  pennanganate    =0*01032  gm.  Lead. 
1  c.c.  normal  oxalic  acid  =  0*1032  gm.         „ 
Metallic  iron  x      1*846=   „ 

Double  iron  salt  x      0*263=   „ 

§  66.  The  accurate  estimation  of  lead  is  in  most  cases  better 
-effected  by  weight  than  by  measure ;  there  are,  however,  instances 
in  which  the  latter  may  be  used  with  advantage. 

1.  Ab  Oxalate  (He  m  pel).  The  acetic  lead  solution, which  must  contain 
no  other  body  precipitable  by  oxalic  acid,  is  put  into  a  300  c.c.  flask,  and 
a  measured  quantity  of  normal  oxalic  acid  added  in  excess,  the  flask  flUed  to 
the  mark  with  water,  shaken,  and  put  aside  to  settle ;  100  c.c.  of  the  clear 
liquid  may  then  be  taken,  acidified  with  sulphuric  acid,  and  titrated  with 
permanganate  for  the  excess  of  oxalic  acid.  The  amount  so  found  multiplied 
by  3,  and  deducted  from  that  originally  added,  will  give  the  quantity 
-combined  with  the  lead. 

'Where  the  nature  of  the  filtrate  is  such  that  permanganate  cannot  be  used 
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for  titration,  tho  precipitate  must  be  collected,  well  wonhed,  dissolved  in 
ililute  nitric  aciu,  with  a  considerable  quantity  of  sodic  acetate,  sulphuric 
acid  added,  and  titrated  with  permanganate. 

In  neither  ca»o  are  the  results  absolutely  accurate,  owin}]^  to  the  slight 
flolubility  of  the  precipitate,  but  with  careful  manipulation  the  error  need 
not  exceed  1  per  cent.  The  error  is  much  increased  in  the  presence  of 
ammoniacal  salts. 

The  technical  analysis  of  red  lead  is  best  made  as  follows : — 

2*064  gm.  (3V  cq.  of  Pb)  are  placed  in  a  300  c.c.  porcelain  basin,  and  20  or 
^  c.c.  nitric  acid  sp.  gr.  1*2  poured  over  it,  then  warmed  gently  with  stirring. 
In  a  few  minutes  the  lead  oxide  is  dissolved  and  the  peroxide  left  insoluble. 
60  c.c.  of  i  oxalic  acid  are  added  and  the  mixture  boiled :  this  decomposes 
and  dissolves  the  peroxide,  leaving  undissolved  any  adulterant  such  as  baryta, 
lead  sulphate,  oxide  of  iron,  gypsum,  or  sand.  While  still  hot  (  permanganate 
is  added  in  moderate  portions  until  the  colour  is  i>ermanent  for  a  few  seconds. 
The  volume  of  |>ermangauate  deducted  from  60  gives  direct  the  percentage 
of  lead  existing  as  peroxide. 

The  total  lead  may  be  found  in  the  same  solution  by  removing  tho  excess 
of  permanganate  with  a  drop  or  two  of  oxalic  acid,  neutralizing  with  ammonia, 
adding  a  good  excess  of  ammonic  or  sodic  acetate,  and  titrating  with  bichro- 
mate as  described  in  this  section. 

Lead  acetates  in  crystals  or  in  solution  may  readily  and  with 
tolerable  accuracy  be  titrated  direct  with  normal  oxalic  acid.  The 
best  effects  are  obtiiined  however  by  adding  the  lead  solution 
(diluted  and  rendered  clear  by  a  little  acetic  acid)  from  a  burette; 
into  the  oxalic  acid  contamed  in  a  flask  or  beaker,  warmed  by 
a  water-bath.  The  addition  of  the  lead  solution  is  continued  with 
shaking  and  wanning  until  no  further  precipitation  takes  i)lacc. 

Another  method  for  acetates  is  to  precipitate  the  lead  with 
a  slight  excess  of  normal  sulphuric  acid  in  a  300  c.c,  flask,  fill 
to  the  mark,  estimate  the  excess  of  H^SO"*  in  100  c.c.  by  weight, 
then  calcidate  the  combined  acid  into  lead ;  then  by  titrating 
another  portion  for  acidity  with  phenolidithalein,  the  i)r()[)ortion 
of  acetic  acid  can  be  obtained  by  deducting  the  free  H'^SO^  from 
the  total  acid  found. 

2.  Ab  Chromate  (Sohwars).  The  lead  is  precipitated  as  chromate, 
well  washed,  and  digested  with  a  weighed  excess  of  double  iron  salt  and 
hydrochloric  acid ;  the  resulting  solution  contains  ferric  and  chromic 
chlorides,  together  with  lead  chloride,  and  uudecomposed  iron  salt.  The 
quantity  of  the  last  is  found  by  permanganate,  and  deducted  from  the 
original  weight ;  the  remainder,  multiplied  by  the  factor  0263,  will  give  the 
weight  of  lead. 

The  dithculty  with  this  method  is  the  end-ix)int,  owmg  to  the 
confusion  produced  by  tho  yellow  chromate.  l>)iehl  (Z.  a.  C  1880, 
306)  modified  the  i)rocess  by  precipitating  tlie  lead  with  excess 
of  bichromate  and  estimating  the  excess  by  thiosulphatc*,  but  this 
again  is  open  to  the  olyection  of  an  indistinct  end-point. 

Cushman  and  Hayes  Campbell  {Jouni,  Amer.  Chew,  Soc, 
xvii.  901)  have,  however,  modified  the  process  so  as  to  be 
workable.     Their  method  consists  in  titrating  the  solution  after 
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filtering  off  the  precipitated  lead  chromate,  with  a  standard 
solution  of  ammonio-ferroiis  sulphate,  using  ferricyanide  as  an 
outside  indicator,  under  exactly  the  same  conditions  observed  in 
standardizing  bichromate  solutions.  The  bichromate  solution  is. 
made  up  of  convenient  empirical  strength,  and  standardized 
against  a  weighed  amount  of  pure  ammonio-ferrous  sulphate. 
Slightly  more  than  the  equivalent  weight  of  the  latter  salt  is  then 
weighed  out  and  dissolved  in  a  liter  of  water,  with  the  addition 
of  a  few  drops  of  sulphuric  acid.  The  solution  is  transferred  to 
a  stock  bottle  into  which  is  immediately  poured  a  sufficient 
quantity  of  some  light  paraffin  oil  to  form  a  layer  over  the  solution, 
Uius  protecting  it  from  oxidation.  The  stock  bottle  is  fitted  with 
a  syphon  tube  and  pinch-cock,  so  that  the  solution  can  be  drawn 
out  when  needed.  With  this  arrangement  change  in  strength 
of  the  ammonio-ferrous  sulphate  solution  takes  place  very  slowly, 
while,  as  a  few  moments  only  are  required  to  titrate  it  against  the 
standard  bichromate,  its  exact  strength  can  bo  easily  determined 
from  day  to  day. 

Process:  About  1  gm.  of  finely  pulverized  ore  is  digested  in  a  casserole  or 
cvapordting  dish  with  15  c.c.  of  a  mixture  of  tvio  parts  of  nitric  acid  and 
one  part  sulphuric  acid,  until  decomposition  is  complete.  10  c.c.  more 
of  sulphurio  acid  are  now  added,  and  the  liquid  evaporate  until  it  fume» 
freely.  Cool,  dilute  with  10  c.c.  of  dilute  sulphuric  acid  (1 — 10),  and  then 
add  gradually  40  c.c.  of  water.  Heat  to  boiling,  filter,  and  wash  by 
decantation  with  dilute  sulphuric  acid  (1 — 10),  getting  as  little  of  the  leaid 
sulphate  on  the  filter  as  possible.  To  the  residue  in  the  dish  add  20  c.c. 
of  strong  ammonia,  then  make  slightly  acid  with  acetic  acid.  Boil  until  the 
lead  sulphate  is  dissolved,  then  pour  the  liquid  through  the  filter,  having  first 
moistened  the  paper  with  ammonia.  "Wash  the  filter  with  water  containing 
ammonic  acetate  in  solution,  and  finally  once  or  twice  with  hot  water. 
Cool  the  filtrate,  and  run  in  from  a  burette  an  excess  of  standard  bichromate 
solution,  stirring  until  the  precipitate  settles  rapidly  and  the  supernatant 
liquid  has  a  yellow  colour.  Allow  to  settle  for  a  few  minutes,  then  filter, 
under  pressure  if  possible ;  wash  a  few  times,  and  titrate  the  filtrate  against 
the  standard  ammonio-ferrous  sulphate. 

After  a  little  practice  the  method  can  be  carried  out  as  above  detailed 
in  about  thirty  minutes.  In  case  the  ore  is  known  to  be  free  from  bismuth 
and  antimony,  the  method  can  be  materially  shortened.  Instead  of  bringing 
the  ore  into  solution  with  a  mixture  of  nitric  and  sul])huric  acids,  nitric  acid 
alone  is  used.  After  solution  the  acid  is  neutralized  with  an  excess  of 
ammonia,  and  then  made  acid  with  acetic  acid:  this  dissolves  any  lead 
sulphate  that  has  been  formed.  This  solution  is  then  immediately  titrated 
with  the  bichromate  and  ammonio-ferrous  sulj)hate  solutions  exactly  as 
described  alx)ve.  In  geneml  it  may  be  said  that  the  results  are  a  trifle  low. 
The  mean  of  the  amount  of  lead  recovered  in  twenty  determinations  was 
99'6  per  cent,  of  that  taken. 

3.  Alkalixnetric  llethod  (M  o  h  r) . — The  lead  is  precipitated  as  carbonate 
by  means  of  a  slight  excess  of  anunonic  carbonate,  together  with  free 
ammonia :  the  precipitate  well  washed,  and  dissolved  in  a  measured  excess 
of  normal  nitric  acid;  neutral  solution  of  sodic  sulphate  is  then  added 
to  precipitate  the  lead  as  sulphate.  Without  filtering,  the  excess  of  nitric 
acid  is  then  estimated  by  normal  alkali,  each  c.c.  combined  being  equal  to> 
01032  gm.  of  lead. 
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4.  As  Sulphide  (CasamaJ  or).— The  lead,  if  not  in  a  state  convenient 
for  titration,  iK  Repunited  an  f<ul])hate,  well  washed,  and  while  still  moist  is 
dissolved  in  alkaline  tartrate  solution  exactly  as  in  the  case  of  copper  (sec 
§  58.5) ;  the  precipitated  sulphide  separates  very  freely,  and  if  the  o])cration 
is  performed  in  a  white  basin  the  end-point  is  oas}*  of  detection. 

The  chief  drawback  to  the  method  is  the  instability  of  the  sulphide 
solution,  which  necessitates  a  fresh  standardizing  with  known  quantities  of 
metal  every  day. 

6.  Bstlznatlon  of  Lead  In  presence  of  Tin. — For  technical  purposos 
this  may  be  readily  done  as  follows  : — 

The  alloy  is  treated  with  nitric  acid,  by  which  means  the  lead  is  dissolved, 
and  the  tin  rendere<l  insoluble  as  stannic  acid.  The  excess  of  nitric  acid  is 
removed  by  a  very  faint  excess  of  sodic  hydrate,  then  slightly  acidified  with 
acetic  acid.  The  solution  is  diluted,  so  that  it  cont-ains  not  less  than  half 
a  per  cent,  of  lead.  It  is  then  titrated  with  a  standard  solution  of  [K)tas8ie 
ferrocyanide  containing  10  2  gm.  per  liter,  which  has  been  standardized 
against  a  lead  nitrate  solution  containing  15*987  gm.  per  liter,  using  drops 
of  ferric  chloride  solution  on  a  white  plate  as  indicator. 

6.  Colorlmetrlc  estimation. — Where  there  is  no  other  metal 
than  lead  present,  simple  addition  of  freshly  made  sulphuretted 
hydrogen  waU^r  in  the  presence  of  weak  acetic  acid  as  suggested 
by  Miller  gives  good  results,  comparison  being  made  with 
a  .standard  solution  of  lead  acetate  coutiiining  0'1831  gm.  per  liter. 
Each  c.c.  =  0*0001  gm.  lead.  The  estimation  is  made  in  colourless 
glass  cylinders  in  the  same  way  as  descril)ed  for  coj)j)er  or  iron 
§5  58,  G4,  taking  care  that  the  comparative  tests  are  made  under 
precisely  the  same  con<litions. 

7.  Lead  In  Citric  and  Tartaric  Adds,  etc.  — W  ar  i  n  g  t  o  n  has  worke<  I 
out  the  best  metho<l  of  ascertaining  the  proportions  of  lead  in 
these  commercial  acids,  and  .^hows  that  ammonium  sulphydrate 
is  to  be  preferred  to  sulphuretted  hydrogen  for  the  jirocc^ss, 
inasmuch  as  the  tint  produced  is  much  more  uniform  thnnighout 
a  long  scale,  and  very  free  from  turbidity.  AVarington's 
descrij)tion  of  the  method  is  as  follows  : — 

The  depth  of  tint  produced  for  the  same  quantity  of  lead  present  is  far 
greater  in  an  ammoniacal  tartrate  or  citrate  solution  than  in  the  same 
volume  of  water;  it  is  quite  essential,  therefore,  if  equality  of  tint  is  to  be 
inter])rcted  as  e(|ualit\'  of  lead,  that  all  comparisons  should  be  between  two 
citrate  and  tartrate  solutions,  and  not  between  one  of  these  and  water. 

To  carry  out  the  method  it  is  necessary'  to  have  solutions  of  lead-free 
tartaric  and  citric  acid  supersatunited  with  pure  ammonia;  these  solutions 
should  develop  no  colour  when  treated  with  ammonium  sul])hydrati». 
A  convenient  strength  is  UK)  gm.  of  acid  in  300  c.c.  of  final  solution.* 

Of  the  tiirtaric  or  citric  a(!id  to  be  examined,  40  gm.  are  taken  and  dissolved 
in  a  little  water;  warm  water  is  most  convenient  for  crystjil  and  <*old  for 
powder ;  the  solution  is  best  prepared  in  a  flask.  To  the  cold  solution  ynre 
strong  ammonia  is  gradually  added  till  it  is  in  slight  excess  ;  the  final  ]K)int 
is  indicated  in  the  case  of  tartaric  acid  by  the  solution  of  the  acid  ammonium 

*  The  Htoudard  lead  solutions  are  made  by  dissolving  1*6  gm.  of  crystallized  lead 
nitrate  driG<l  over  Huluhuric  acid  in  a  liter  of  water,  each  c.c.  —  O'UUl  gm.  Pb.  A  weaker 
solution  is  also  made  by  diluting  100  c.c.  of  this  to  a  liter. 
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tartrate  first  formed ;  in  the  case  of  citric  acid  it  is  conveniently  shown  by 
a  fragment  of  turmeric  paper  floating  in  the  liquid.  When  an  excess 
of  ammonia  is  reached  the  liquid  is  cooled,  diluted  to  120  c.c,  and  filtered. 

As  a  preliminary  experiment  10  c.c.  are  taken,  diluted  to  50  c.c.  in  the 
measuring  cylinder,  and  placed  in  a  Nesslerizing  glass,  one  drop  of  ammonium 
•sulph)'drate  solution  added,  and  the  whole  well  stirr^ ;  the  colour  developed 
indicates  what  volume  of  solution  should  be  taken  for  the  determination,  this 
volume  may  range  from  5  c.c.  to  50  c.c.  If  less  than  50  c.c.  are  taken  the 
volume  is  brought  to  50  c.c.  with  water,  and  one  drop  of  ammonium 
sulphydrate  is  then  added. 

The  tint  thus  adopted  has  now  to  bo  matched  with  the  pure  solutions. 
A  volume  of  the  pure  ammoniacal  tartrate  or  citrate,  identical  with  that 
taken  of  the  acid  under  examination,  receives  a  measured  quantity  of  lead 
solution  from  the  burette,  the  volume  is  brought  to  50  c.c,  it  is  jtlaced 
in  a  Nesslerizing  glass,  and  receives  one  drop  of  ammonium  sulphydrate ; 
the  experiment  is  repeated  till  a  match  is  obtained.  As  in  the  previous 
method,  the  best  comparison  of  tints  is  obtained  by  making  finalh'  three 
simultaneous  experiments,  one  with  the  acid  under  examination,  the  other 
two  with  pure  acid  containing  slightly  varying  amounts  of  lead,  the  aim 
being  that  the  tint  given  by  the  acid  to  be  analyzed  shall  lie  within  this 
narrow  scale.  In  following  this  method,  (considerable  use  has  to  be  made  of 
the  weaker  of  the  two  lead  solutions  already  mentioned. 

The  whole  time  required  for  a  determination  of  lead  by  this  method  now 
given  is  about  li  hour;  this  time  will  be  somewhat  shortened  bs  the 
operator  becomes  familiar  with  the  tints  produced  by  varying  proportions 
of  lead.  If  traces  of  copper  or  iron  are  present,  any  interference  on  their 
part  may  be  removed  by  adding  to  the  alkaline  solution  a  few  drops  of 
potassic  cyanide  solution. 

SCAKaANESE. 

]VIn=55,  MnO=71,  Mn02=87. 
Factors. 

Metallic  iron  x  0-63393 =MiiO. 

X  0-491     =Mn. 

X  0-7768  =MnO'^. 

Double  iron  salt        x  0*0911   =r.MnO. 

Cryst.  oxalic  acid      x  0*6916  =MnO^. 

Double  iron  salt        x  0  •  1 1 1     =  ]Vin02. 

1  c.c.  -^j^  solution=0-00355  gm.  MnO  or=0-00435  gm.  MnO-. 

§  67.  All  the  oxides  of  manganese,  with  the  exception  of  the 
first  or  protoxide,  when  bpiled  with  hydrochloric  acid,  yield 
clilorine  in  the  following  ratios  : — 

Mn203=l  eq.  0=  2  eq.  CI. 
Mn«0<=:l  eci.  0=2  eq.  CI. 
Mn  02=1  eq.  0=  2  ai  CI. 
Mn  0-^=2  eq.  0=  4  eq.  CI. 
Mn*-0'=5  eq.  0  =  10  eq.  CL 

The  chlorine  so  produced  can  be  allowed  to  react  upon  a  known 
weight  of  ferrous  salt;  and  when  the  reaction  is  completed,  the 
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niKihanged  aiiioiint  of  iron  salt  is  fuund  l)y  porinanganato  or 
biclironiate. 

Or,  the  cliloriiic  inav  l)c  led  l»y  a  suitable  arranj'einent  into 
a  .solution  of  i>otassic  iodide,  there  setting  free  an  efjuivalent 
quantity  of  imline,  which  i.s  found  by  the  aid  of  .sodic  thio- 
sulpliate. 

(Jr,  in  tlie  case  of  manganese  ores,  tlie  reaction  may  t^ike  phuti* 
with  oxalic  acid,  resulting  in  the  imKiuction  of  carboniir  acnd, 
which  can  lie  weighed  as  in  Fresenius'  and  Wills'  method, 
or  the  amount  of  unchange<l  acid  remaining  after  the  action  can 
be  found  by  permanganate.'* 

The  largely  increased  use  of  manganese  in  the  manufacture  of 
«teel  has  now  rendered  it  imperative  that  some  raj)id  and  trust- 
worthy methixl  of  estimation  should  be  devised,  and  happily  this 
has  been  chme  simultaneously  by  two  chemists,  Pattinson  and 
Kessler;both  have  succeeded  in  finding  a  metlunl  of  separating 
manganese  as  dioxide,  of  perfectly  definite  composition.  Pattinson 
found  that  the  regidar  precipitation  was  secured  by  ferric  chloride;, 
and  Kessler  by  zinc  chloride.  Wright  and  Menke  have 
experimented  on  both  processes  with  equally  satisfactory  results, 
but  give  a  slight  preference  to  zinc.  Pattinson  titrates  the 
resulting  MnO'^  with  standard  bichromat<»,  and  Kessler  with 
l>ermanganat<;. 

Pattinson's  method  has  been  fully  described  (/.  C  ^.  1H79, 
3C)i))j  and  again  with  slight  modifications  in  J.  S,  C.  I.  x.  .'537. 

1.    Precipitation  as  KnOz  ^nd  Titration  with  Bichromate 

(Pattinson). 

The  author's  own  description  of  the  method  is  as  follows : — 

This  method  depends  ui»ou  the  whole  of  the  manganese  l)eing 
precipitated  as  hydrat<Ml  <lioxide  by  calcium  carbonate,  when 
<;hlorine  or  bromine;  is  added  to  a  solution  of  manganous  salt 
containing  also  a  jiersalt  of  iron  or  a  salt  of  zinc,  and  under 
cerUiin  conditions  of  temperature,  iV:c.  We  have  reason  to  believe 
that  this  method  is  now  adopted  by  many  chemists  both  in  private 
laboratories  and  in  the  laboratories  of  steel  works;  and  we  therefore 
think  that  the  following  description  of  it  in  its  slightly  nnHlified 
form,  as  we  now  use  it  for  determining'  manganese  in  manganiferous 
iron  ores,  manganese  ores,  spiegeleisen,  ferromanganese,  Slc,  will 
not  be  out  of  i>lac<\ 

*  The  literature  of  mauKooese  compoiinds  and  their  eBtimatiou  ha«  now  Itcconic  very 
voluminous.    The  principal  contributions  to  the  subject  are  as  follows  :-  - 

WriKht  and  Menke  J.  C.  8.  188G,  22   48. 

Morawski  and  Stiugl  Jour,  f,  pract,  Chnn.  zviii.  90. 

Vol  hard  An  nafen,  cxcviii.  31S. 

G  u  y  tt r  d  Bull.  Soc.  Chim.  f2J  i.  88. 


Kessler  Z.  a.  C.  1879,  1-14. 

Pattinson  J.  C.  S.  1879.  365. 

Pattinson  ^  J.  S.  C.  I,  x.diU, 


Q  2 
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Proce»*:  A  quantity  of  the  sample  to  be  analyzed,  containing  not  more 
than  about  4  grains  (025  jrm.)  of  manganc8e,  is  dissolved  in  hydrochloric 
acid.  In  the  cnfto  of  spicgeleiseu  and  ferronianganeHe,  about  50  grains 
(3 — i  c.c.)  of  nitric  acid  are  afterwards  added  to  oxidize  the  iron.  In  the 
case  of  manganese  ores,  ferromanganese,  and  manganese  slags,  which  do  not 
contain  about  as  much  iron  as  manganese,  we  add  to  the  solution  us  much 
iron,  in  the  form  of  ferric  chloride,  as  will  make  the  quantities  of  iron  and 
manganese  in  the  solution  about  equal.  An  excess  of  iron  is  no  draw- 
back, except  that  a  larger  precipitate  has  afterwards  to  be  filtered  and 
MTished. 

The  excess  of  acid  in  the  solution  is  then  neutralized  by  the  addition 
of  calcium  carbonate,  which  is  added  until  a  slight  reddening  of  the  solution 
is  produced.  The  solution  is  then  rendered  very  slightly  acid  b}-  dropping 
into  it  just  enough  hydrochloric  acid  to  remove  the  red  colour. 

We  then  add  in  all  casas  1  oz.  (30  c.c.)  of  a  solution  of  zinc  chloride 
containing  7  grains  (05  gm.)  of  metallic  zinc  per  ouncte.  The  liquid  is  then 
brought  to  the  boiling  point,  and  diluted  with  boiling  water  to  about  10  oz. 
(300  cc). 

Two  oz.  (CO  c.c.)  of  a  solution  of  calcium  hypochlorite,  made  by  dissolving 
1500  grains  of  35  per  cent,  bleaching  ]K)wdor  in  100  oz.  of  water  (about  33  gm. 
of  bleaching  i>owder  per  liter)  and  filtering,  are  then  iwured  into  the 
manganese  solution  ;  but  we  a<id  to  the  hypochlorite  solution,  before  pouring 
it  into  the  manganese  solution,  just  enough  hydrochloric  acid  to  give  it 
a  faint  permanent  greenish-yellow  colour  after  gentle  agitation. 

The  object  of  this  addition  of  acid  is  to  prevent  a  precipitate  forming 
when  the  hypochlorite  is  added,  due  to  the  alkalinity  of  this  solution. 
'NVhen  hydrochloric  acid  is  added  in  this  way  to  the  solution  of  calcium 
hypochlorite,  the  manganese  solution  remains  clear  on  the  addition  of  the 
calcium  hypochlorite,  and  any  possible  local  precipitation  of  manganese  in 
a  lower  stat-c  of  oxidation  than  MnO-  is  obviated. 

Finally,  we  add  to  the  manganese  solution  about  45  gniins  (3  gm.)  of 
calcium  carbonate  diffused  in  about  half  an  ounce  (15  c.c.)  of  boiling  water. 
After  the  first  evolution  of  carbonic  acid  has  ceased,  during  which  time  the 
cover  is  kept  on  the  beaker,  the  precipitate  is  stirred  to  make  it  collect 
together,  and  half  a  dram  (2  c.c.)  of  methylated  spirits  of  wine  is  added 
and  it  is  again  stirred. 

The  precipitate  is  then  thrown  upon  a  large  filter  of  English  filtering  paper 
and  washed,  at  first  with  cold  water  until  the  greater  part  of  the  chlorine  is 
removed,  and  afterward.s,  to  make  the  washing  more  rapid,  with  warm  water 
at  about  150'  F.  ((15'  (' ).  It  is  wa.shed  until,  alter  draining,  a  drop  shaken 
down  straight  from  the  precipitate,  by  gently  jolting  the  funnel,  shows 
no  indication  of  chlorine  when  tested  with  a  strip  of  iodized  stirch-paj)er. 
As  a  matter  of  practice  we  always  give  two  or  three  washings  after  there  has 
ceased  to  be  any  indication  of  chlorine. 

By  carrj'ing  out  the  process  in  the  manner  here  described,  the  temperature 
of  the  li(|uid,  immediately  after  the  precipitation  is  comj)lete,  is  about 
170'  F.  (77°  C),  and  we  find  that  the  best  and  most  constant  results  are 
obtained  when  the  temperature  after  precipitation  is  near  this  point. 

1000  grjiins  of  an  acidified  solution  of  ferrous  sul]diate,  containing  about 
10  grains  of  iron  per  KKX)  grains  of  the  solution,  and  made  by  dissolving 
cr3'8tallized  ferrous  sulphate  in  a  mixture  of  one  part  of  monohydrated 
sulphuric  acid  and  three  parts  of  water,  are  then  accurately  measured  off  by 
a  pipette  and  run  into  the  beaker  in  which  the  precipitation  was  made.  The 
precipitate,  together  with  the  filter  paper,  are  then  removed  from  the  funnel 
and  placed  in  the  solution  of  ferrous  sulpliate  in  the  beaker.  The  precipitate 
readily  dissolves  even  in  the  cold  (sometimes  it  may  be  necessar}'  to  add 
a  little  more  acid  to  dissolve  the  ferric  h)'drate  completely),  the  manganese 
dioxide  converting  its  equivalent  of  ferrous  sulphate  into  ferric  sulphate. 
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A  sufficient  quantity  of  cold  water  is  now  adde<l,  and  the  ferrous  sulphate 
still  reraainiuK  i»  titrated  with  a  Htandard  solution  of  ])otassium  dichroniato. 

The  exact  amount  of  ferrous  sulphate  in  KKX)  j^^rains  of  the  ferrous 
sulpliate  solution  is  determined  by  measuring  off  into  a  clean  beaker  another 
))ortion  of  lOOC)  grains,  and  titrating  with  standard  dichromate  solution. 
The  difference  l)etween  the  amounts  of  dichromate  solution  required  j^ives 
the  quantit}'  of  ferrous  sulphate  oxidized  by  the  man^nese  dioxide,  and 
from  this  the  ]>ercentage  of  manganese  in  the  sample  can  be  calculated. 

The  ferrous  sulphate  solution  should  l)e  standardized  from  day  to  da}',  as  it 
undergoes  slow  ox  illation  on  exposure  to  air. 

A  solution  of  bnnnine  in  water  may  of  course  bo  used  instead  of  the 
hypochlorite  solution,  in  which  case  no  acid  is  added  to  the  bromine  solution. 
AVhen  using  bromine  a  solution  containing  about  10  grains  of  bromine 
per  ounce  (about  22  gm.  per  liter)  should  be  used,  and  3  oz.  of  this  solution 
(W)  c.c.)  used  for  precipitating  about  4  grains  of  manganese. 

The  unpleasantness  of  working  with  bromine  may  be  mitigated,  to  some 
extent,  by  adding  to  the  bromine  solution  before  pouring  it  into  the  liquid 
containing  the  manganese,  a  few  drops  of  a  solution  of  sodium  hydrate  until 
nearly  all,  but  not  quite  all,  the  bromine  is  taken  up.  If  an  excess  of 
sodium  hydrate  were  added  to  the  bromine  it  would  produce  a  i)recipitate  on 
pouring  it  into  the  manganese  solution,  and  this  is  to  be  avoided. 

We  prefer  to  have  l)oth  zinc  and  iron  in  solution  with  the  manganese. 
AVhen  working  with  either  of  these  alone  we  obtain  all  the  manganese  in 
the  form  of  dioxide,  but  with  iron  alone  there  is  a  greater  tendency  to 
the  formation  of  iM?rmanganat<»,  than  when  zinc  is  also  present.  This  point 
was  also  noticed  by  AV  right  and  Menke  {J.  C  S.  Tram.  1880,  48). 
When  zinc  alone  is  jiresent  we  have  found  that  the  precipitation  of  the 
dioxide  does  not  take  place  so  rapidly  as  when  iron  is  also  present.  When 
both  iron  and  zinc  are  used,  there  is  very  seldom  any  permanganate  formed, 
if  care  is  taken  not  to  use  an  unnecessarily  large  excess  of  chlorine  or 
bromine,  but  o<*(»asionally  there  is  a  small  quantity  formed,  esi)ecially  if  the 
precipitate  is  left  to  stand  some  considerable  time  Ix'fore  filtering.  We  have 
found  that  the  addition  of  a  very  small  quantity  of  alcohol  immediately 
after  the  precii>itation  of  the  manganese  is  comi>lete,  entirely  prevents  the 
formation  of  jwrmanganate  even  when  a  large  excess  of  chlorine  lias  been 
\ised,  and  for  this  reason  wo  make  a  practice  of  adding  it. 

We  find  that  when  filtering  poper  has  been  wetted  with  the  solution 
containing  free  chlorine  or  bromine  and  afterwards  washed  clean,  it  has  no 
reducing  iwtion  either  ui»on  potassium  dichromate  or  upon  ferri(!  sulphate. 
The  addition  of  the  filter  together  with  the  precipitate  to  the  solution 
of  fernnis  sulphate  therefore  does  not  influence  the  result. 

We  must  point  out  that  the  presence  of  lea<l,  copper,  ni(*kel,  colialt,  and 
€hr«mium  in  the  substances  under  examination  interferes  with  the  accuracy 
of  this  method  of  testing  manganese. 

It  was  found  that  so  large  a  proportion  as  1  j)er  cent,  of  lead,  copper,  and 
nickel  does  not  greatly  interfere  with  the  test,  but  the  interference  of  cobalt 
-and,  esjKJcially  of  chromium,  is  serious.  All  these  substances,  except 
chromium,  form,  under  the  conditions  of  the  test,  higher  oxides  insoluble  in 
water,  which  are  precipitated  with  the  manganese  dioxide,  and  which 
oxidize  ferrous  sulphate  to  ferric  sulphate;  whilst  chn)mium  forms  some 
insoluble  chromate  which  goes  down  with  the  manganese  dioxide. 

Fortunately  these  metals  rarely,  if  ever,  oc(!ur  in  the  ores  of  manganese 
f»r  in  spiegeleisen  and  ferromanganese  in  sufficient  quantity  to  affect  the 
practical  accuracy  of  this  test. 

This  vcdumetric  method  cannot,  however,  be  applied  to  the  determination 
of  manganese  in  alloys  of  the^e  metals,  such  as  ferrochrome  or  in  ores 
<'ontaining  these  metals,  without  previously  separating  them  from  tho 
solution  containing  the  manganese. 
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The  method  as  above  described  is  undoubtedly  one  of  the  best 
vohimetric  ones  known  for  the  estimation  of  manganese  in  various 
compounds  and  ores;  but  San  iter  in  criticising  the  method  give^ 
it  credit  for  slightly  low  results,  and  advocates  the  standardizing 
of  the  bichromate,  not  upon  iron,  but  ui)on  a  manganese  oxide  of 
known  composition  {J.  iS.  C,  I.  xiii.  112). 

Atkinson  (  J.  S.  C.I.  v.  365)  gives  the  following  short  descrip- 
tion of  the  method  as  practically  in  daily  use  in  a  large  steel  works. 

Weijjfh  out  O'o  jrm.  or  06  {jrrn.  of  an  ore  containin)^'  about  20  per  cent, 
manganese,  dissolve  in  7  or  8  c.c.  of  strong  HCl,  and  when  dissolved,  wash 
the  whole,  without  filteriuK,  into  a  large  narrow-sided  beaker.  When  cold 
it  is  neutralized  with  precipitated  calcic  carbonate,  until  the  liquid  ii^sumes 
a  reddish  hue.  40  or  50  c.c.  of  saturated  bromine  water  are  added,  aud  the 
mixture  allowed  to  stand  in  the  cold  for  half-au-hour.  At  the  expiration  of 
that  time  the  beaker  is  nearly  filled  up  with  boiling  water,  and  precipitated 
calcic  carl)onato  added  until  there  is  no  further  effervescence,  and  part  of  the 
carbonate  is  evidently  unacted  upon.  A  small  quantity  of  spirits  of  wine  is 
then  added,  the  whole  well  stirred,  and  the  precipitate  allowed  to  settle.  The 
clear  liquid  is  filtered  off  and  fresh  boilinj?  water  added  to  the  residue  in  the 
beaker,  a  little  spirits  of  wine  being  used  to  reduce  any  permanganate  which 
is  formed.  The  filtration  and  washing  are  repeated  until  the  filtrate  when 
cooled  no  longer  turns  iodized  starch-paper  blue.  During  the  washing  ahout 
1*9  to  2*5  gm.  of  ])ure  granular  ferrous-ammonium  sulphate  are  weighed 
out,  washed  into  the  beaker  in  which  the  j»recipitation  took  place,  and  about 
30  to  50  c.c.  of  dilute  sulphuric  acid  added.  The  filter  containing  the  pre- 
cipitated MnO-  is  then  placed  in  the  beaker,  aud  the  latter  is  quickly  dissolved 
by  the  oxidation  of  a  portion  of  the  ferrous  salt  into  ferric  sulphate.  The 
remaining  ferrous  iron  is  then  titrated  with  potassic  bichromate  in  the  usual 
way.  The  difference  in  the  number  of  c.c.  of  bichromate  used  from  the 
number  which  the  original  weight  of  the  ferrous-ammonium  sulphate  would 
have  required  if  dircctl\'  titrated,  is  a  measure  of  the  quantity  of  MnO^ 
present.  Por  rapidity  and  simplicity  this  volumetric  process  leaves  nothing 
to  be  desired  ;  duplicate  experiments  agree  within  very  narrow  limits ;  and 
if  the  assumption  is  accepted  that  the  presence  of  ferric  chloride  enables  the 
complete  oxidation  of  the  manganese  to  the  state  of  peroxide,  no  other 
])roces8  can  compete  >nth  it. 

Pattinson  prefers  to  use  bleach  solution  to  bromine,  because 
the  formation  of  i)ermanganate  is  more  easily  seen.  In  any  case 
not  more  than  a  trace  of  permanganate  should  be  fonned,  and  if 
the  first  experiment  shows  this  to  be  the  case,  another  trial  must 
be  commenced  with  less  oxidizing  material. 

J.  W.  Westmoreland,  in  a  communication  to  me,  describes 
a  modified  method  which  is  designed  to  overcome  somcj  objections 
raised  against  the  al>ove  processes. 

AVith  ferro-mauganese  and  ores  containing  about  50  to  GO  "'^  of  Mn  about 
0'4  gm.  is  taken ;  ores  with  40  7o  0*5  gm. ;  manganiferous  iron  ores,  with 
say  about  20  7o  ©ach  of  Feand  Mn,  0*75  gm.;  spiegeleiseu  and  silicospiegels, 
with  about  25  7o  Mn,  the  same. 

The  material  having  been  brought  into  solution  bj'  an}'  of  the  methods 
described,  is  concentrated  to  a  small  bulk  in  a  large  conical  beaker. 
A  solution  of  ferric  chloride,  containing  about  the  same  amount  of  iron  as 
there  is  approximately  of  Mn,  is  added,  together  with  a  solution  of  zinc 
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chloride,  containiu^  about  05  \^.  of  Zri.  The  excess  of  acid  is  then 
neutralized  with  caustic  iwtash,  w)  that  the  bulk  of  liquid  is  about  80  c.c, 
to  this  in  mlded  about  (JO  c  c.  of  saturated  bromine  water,  more  for 
ferro-manjjranese,  less  for  nian^miferous  iron  ores,  and  zinc  oxide  emulsion  ♦ 
is  jjrradualU'  dropped  in  with  shaking,  until  the  Fe  and  Mn  are  pre- 
cipitated, care  nnist  be  taken  to  avoid  a  lar|?e  excess  of  zinc  oxide,  the 
beaker  is  then  filled  up  with  boilinj^  tap-water,  and  the  clrar  liquid  poured 
throui^h  a  filter,  ])reviously  adding  a  few  drops  of  alcohol.  The  beaker  is 
then  filled  with  boilinj^  water  five  times  in  succession,  the  ])recipitate  beinij 
stirred  up  with  the  hot  water  each  time  of  crashing  and  allowed  to  settle. 
It  is  then  brou^fht  on  the  filter,  and  apiin  freely  washeil  with  boiling 
distilled  water.  The  filter  and  contents  are  then  transferred  to  the  beaker, 
an  excess  of  aci<l  solution  of  ferrous  sulphate  added,  and  when  the  precipitate 
is  dissolved  the  liquid  is  diluted  with  cold  distilled  water,  an«l  the  excess  of 
ferrous  iron  estimate^l  at  once  with  x»ermanj;anate.  The  value  of  the  iron 
solution  in  metallic  iron  is  found  by  titrating  the  same  volume  of  iron 
solution  as  has  actually  been  used  for  dissolving  the  Mn  precipitate,  and  the 
Fe  oxidized  multiplied  by  0'491  =  Mn. 

It  is  absolutely  necossary,  in  order  to  get  accurate  results,  t<> 
wash  the  precipitlite  as  thort)ug]ily  as  mentioned. 

2.     By  Precipitation  with  Fotassio  Permanganate  (Guyard). 

If  a  dilute  neutral  or  faintly  acid  solution  of  manganese  sjdt  be 
lieated  to  80'  C.  and  jwrmanganate  added,  hydmted  Mn(.)-  is  pre- 
cipitated, and  the  end  of  the  reaction  is  known  b}  the  occurrence  of 
the  usual  rose  colour  of  permanganate  in  excess.  The  reaction  is 
exact  in  neutnU  solutions.  Any  large  excess  of  either  IICI  or  H-Sl  H 
causes  irregularity,  as  also  do  ferric  or  chromic  salts;  nickel,  cobalt, 
zinc,  alumina,  or  lime,  in  moderate;  quantity  are  of  no  conseiiuence. 

This  method  is  of  easy  execution,  an<l  gives  good  residt'^  in  cases 
where  it  can  be  properly  applied,  but  such  instances  are  few. 

Process ;  1  or  2  gm.  of  the  manganese  compound  are  dissolve<l  in  aqua 
rer/ia,  boiled  a  few  miimtes,  the  excess  of  acid  ueutralize<l  with  alkali,  then 
diluted  largely  with  boiling  water  (I  or  2  liters),  kei»t  at  a  tero]>erature 
of  80'  C,  and  standard  permanganate  added  so  long  as  a  brownish  precipitate 
forms,  and  until  the  clear  supernatant  liquid  shows  a  distinct  rose  colour. 
2  eq.  of  perman^nate  =  3  c({.  of  manganese,  therefore  1  c.c.  of  "-^  solution  =• 
0()CJ16542  jfm.  of  Mn. 

Volhard's  method.  -This  is  now  largcdy  used  by  Continental 
chemist**,  the  details  of  the  original  process  being  as  follows  :    - 

A  (|uantity  of  material  is  taken  so  as  to  contain  from  03  to  0*5  gm.  Mn, 
dissolved  in  hydrochloric  or  nitric  atnd,  evaporated  in  porcelain  to  dryness, 
first  iuiding  a  little  ammonic  nitnite,  then  heated  over  the  fiame  to  destroy 
organic  matter.  The  residue  is  digested  with  IICI,  adding  a  little  strong 
H-SO^,  and  aj^in  evaporated  to  dryness,  first  on  the  water-bath,  then  with 
greater  heat  till  va]K)urs  of  SO'  occur.  It  is  then  washed  into  a  liter  flask 
and  neutralized  with  sodic  hydrate  or  carbonate  :  suflicient  pure  zinc  oxide, 
made  into  a  cream,  is  added  to  precipitate  all  the  iron.    The  flask  is  filled  to 

*  The  emulifiou  of  zinc  oxide  may,  of  ooone,  be  readily  mtule  by  niblnnfr  down  pure 
zinc  oxide  in  water  so  as  to  be  about  the  consistence  of  cream.  £  m  m  e r  t  o  n  {Tran*. 
Amer.  In»t.  Min.  Enq.  x.  2i)l)  sugKests  the  following  method  of  prepariny  this  reagent. 
Dissolve  ordinary  zinc  white  in  HCl,  a<ld  the  powder  until   there  remains  some 
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the  mark,  shaken,  and  200  c.c.  filtered  off  into  a  boiling  flask,  acidified  with 
2  drops  of  nitric  acid,  sp.  gr.  1*2,  heated  to  boiling,  and  titrated  with 


permanganate  whilst  still  hot. 

Blair  (Chem.  Anal.  Iron,  2nd  edit.)  for  practical  working  recommends 
dissolving  the  material  in  HCl  and  H-SO*,  evaporate  to  dryness  until  fumes 
of  the  latter  escape ;  allow  to  cool,  add  water,  and  heat  till  sulphates  are 
dissolved.  Wash  into  a  300  c.c.  flask,  add  solution  of  Na-CO^  until  the 
precipitate,  which  at  first  forms,  dissolves  only  with  difficulty.  Then  add 
slowly  the  zinc  oxide  emulsion,  shaking  well  after  each  addition,  till  the  iron 
precipitate  curdles ;  after  the  precipitate  has  settled,  there  is  left  a  slightly 
milky  upper  liquid.  Fill  the  flask  to  the  mark  with  water,  and  agitate  well 
by  pouring  the  contents  of  the  flask  back  and  forward  into  a  dry  beaker. 
Finally  filter  off  200  c.c.  and  titrate  with  permanganate  as  before  described, 
first  adding  2  drops  of  HNO^.  The  permanganate  should  be  added  slowly 
^rom  the  burette,  shaking  after  each  addition  to  facilitate  the  collection 
of  the  precipitate  and  avoid  an  excess  of  permanganate.  If  the  solution 
during  the  process  should  cool  too  much,  it  should  be  heated  up  to  uear 
boiling  again. 

San  iter  recommends  that  any  iron  or  chromium  should  be  first  separated 
by  ammonia  and  ammonic  acetate,  and  the  manganese  precipitated  with 
bromine  and  ammonia.  This  precipitate  is,  after  ignition,  dissolved  in 
hydrochloric  acid,  and  neutralized  with  zinc  oxide  suspended  in  water,  any 
excess  of  the  latter  being  dissolved  by  adding  nitric  acid  drop  by  drop. 

Another  variation  of  this  method  is  given  (Jour.  Amer.  Chem. 
Soc.  xviii.  228)  by  G.  E.  Stone,  in  some  criticisms  on  a  previous 
paper  by  M.  Auchy. 

The  material  taken  should  contain  0*05  to  0*15  Mn.  If  an  alloy,  dissolve 
in  HNO*  (sp.  gr.  I'l)  ;  if  an  ore  or  cinder,  in  HCl,  and  boil  with  a  little 
KCIO^;  use  but  small  excess  of  acid.  Cool  and  wash  into  a  500  c.c.  flask 
with  cold  water,  then  add  zinc  emulsion  until  precipitate  curdles;  the 
change  is  sharp  and  distinct.  Dilute  to  mark,  shake  well  and  pour  into 
a  beaker ;  allow  to  settle ;  measure  100  c.c.  into  a  4-inch  casserole,  dilute 
to  about  200  c.c,  heat  nearly  to  boiling,  and  titrate  with  permanganate, 
1  c.c.  of  which=0  001  gm.  Mn  (101)  gm.  K'-MnO*  per  liter).  The  greater  part 
of  the  permanganate  should  be  added  at  once  with  vigorous  stirring.  The 
Mn  in  epiegels  is  easily  obtained  in  half  an  hour;  ores  somewhat  longer, 
as  more  difficult  to  dissolve. 

There  are  many  other  volumetric  methods  in  use  for  estimating 
manganese  either  as  binoxide  or  metal,  among  which  may  be 
mentioned  that  of  Chalmers  Harvey  (C.  N.  xlvii.  2)  by 
stannous  chloride,  and  that  of  Williams  {Trans.  Amer.  Inst,  of 
Mining  Eufjineers,  x.  100),  which  consists  in  separating  MnO- 
from  a  nitric  solution  by  potassic  chlorate,  dissolving  in  excess  of 
standard  oxalic  acid,  and  estimating  the  excess  by  permanganate. 

A  critical  paper  on  this  process,  accompanied  Avith  the  results  of 
experiment,  is  contributed  by  Macintosh  (C.  N.  1.  75).  Also 
another  by  Hintz  (Z.  a.  C.  xxiv.  421 — 438)  reviewing  a  large 
number  of  volumetric  methods  for  manganese,  but  as  none  of  them 

undissolved,  then  add  a  little  bromine  water ;  heat  the  mixture,  filter  and  precipitate 
ti^e  zinc  oxide  from  the  filter  with  the  slifirhtest  possible  excess  of  ammonia.  Wash 
thoroughly  by  decantation,  and  finally  wash  into  on  appropriate  bottle  with  enough 
water  to  give  a  proper  consistence.  By  this  method  a  very  finely  divided  oxide  is 
obtained,  owing  to  ite  not  being  dried. 
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are  more  accurate  or  convenient  than  the  nietliods  licre  given,  the 
details  are  omitted. 

3.     Bstixnation  of  Manffaneie  in  sniall  quantities  (Ohatard). 

This  method  depends  upon  the  production  of  permanganic  acid 
by  the  action  of  nitric  acid  and  lead  peroxide,  originally  used  by 
Crum  as  a  tjualitiitive  test.  TIkj  accuracy  of  the  ])roce8s  as 
a  (|uantitative  one  can,  however,  only  be  depended  on  when  the 
<|uantity  of  manganese  is  very  small,  sucli  as  exists  in  some 
minerals,  soils,  etc. 

The  material  to  be  examined  is  dissolved  in  nitric  acid  and 
boiletl  with  lead  peroxide,  by  which  means  any  manganese  present 
is  converted  to  i^ermanganate ;  the  quantity  so  produced  is  tlien 
iiscertained  by  a  weak  freshly  made  standard  solution  of  oxalic 
acid  or  amnionic  oxalate. 

The  i)rocess  gives  good  results  in  determining  manganese  in 
dolomites  and  limestones,  where  the  proportions  amount  to  from 
^\  to  2  \)(iv  cent.  In  larger  quantities  the  total  conversion  of  the 
manganese  cannot  be  depended  on. 

Thorpe  and  Ilanibly  {J.  C.  S.  liii.  182)  found  that  the  final 
point  in  the  titration  witli  ammonic  oxalate*  was  apt  to  be  obscured 
by  tlie  precipitation  of  lead  carbonate,  and  they  suggest  a  modifi- 
cation which  consists  in  using  some  dilute  sulj^huric  acid  Avith 
the  lead  jieroxide  and  nitric  acid  during  the  oxidation  of  the 
manganese  ;  no  lead  then  passes  into  sohition,  and  t\ni  filtered 
liquid  remains  perf{;ctly  clear  on  titration.  These  operators  found 
the  method  (piite  trustworthy  for  ciuantities  of  manganese  below 
0  01  gm.,  and  carried  out  as  follows : — 

Proee»s :  To  the  manjCJineso  solution,  which  must  bo  fn^c  from  chlorine 
and  not  too  dilute,  say  about  25  c.c,  add  5  c.c.  of  nitric  acid  (sp.  jo".  I*-*), 
2 — 3  gm.  of  lead  peroxide,  and  10— 20  c.c.  of  dilute  sulphuric  acid  (1  :  2). 
Boil  j^ently  for  about  four  minutes,  wash  down  the  sides  of  the  flask  with 
hot  water,  and  continue  the  boiling:  for  half  a  minute.  Allow  the  lead 
sulphate  and  peroxide  to  subside  and  filter  at  once  (best  with  filter  ])ump 
through  asl)ostos,  previously  ignited  and  washed  with  dilute  II-SO*).  Wash 
the  residue  in  flask  with  boiling  water  by  decantation,  heat  the  clear  filtrate 
to  &f  C,  and  titrate  with  ^  ammonic  oxalate. 

Peters  avails  himself  of  this  method  for  estimating  manganese 
in  pig  iron  or  st(»el,  by  weighing  0*1  gm.  of  the  sample  and  boiling 
in  3  or  4  c.c.  of  nitric  acid  until  solution  of  the  metal  is  complete, 
adding  0*2  or  0  3  gm.  PbO*'',  and  again  boiling  for  two  or  three 
minutes,  without  filtering  off  the  insoluble  graphite,  if  such  slumld 
be  present.  The  solution  is  then  cooled,  filtered  through  asbestos 
into  a  suitable  graduated  tube,  and  the  colour  compared  with 
a  standard  solution  of  permanganate  contained  in  a  similar  tube. 

The  stjindard  permanganate  is  best  made  by  diluting  1  c.c.  of 
jij  solution  with  109  c.c.  of  water;  each  c.c.  will  then  represent 
0*00001  gm.  Mn.     It  has  been  previously  mentioned  that  accurate 
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results  by  this  method  can  only  be  obtained  by  using  very  small 
([uantities  of  material.  Peters  finds  this  to  be  the  case,  and  hence 
recommends,  that  for  irons  containing  from  O'lO  to  0*35  per  cent, 
of  Mn  01  gm.  should  be  operated  upon;  when  from  0*8  to  1 
per  cent,  is  present,  0*1  gm.  of  the  sample  is  Aveighed  and  one- 
fourth  of  the  solution  only  treated  with  PbO'^ ;  in  still  richer 
samples  proportionate  quantities  must  be  taken.  As  a  guide,  it  is 
well  to  assume,  that  when  the  amount  of  iron  taken  yields  a  colour 
equal  to  25 — 35  c.c.  of  the  standard,  the  Avhole  of  the  !Mn  is^ 
oxidized.  The  actual  amount  of  manganese  in  any  test  should  not 
exceed  half  a  milligram  {C.  N,  xxxiii.  35). 

4.     Technical  Exe xnination  of  Manfiranese  Ores  used  for  Bleaching- 

Purposes,  eto. 

Tlie  ore,  when  powdered  and  dried  for  analysis,  rapidly  absorbs 
moisture  on  exposing  it  to  the  air,  and  consequently  has  to  be 
w(?ighed  quickly  ;  it  is  better  to  keep  the  powdered  and  dried 
sample  in  a  small  light  stoppered  bottle,  the  weight  of  which, 
with  its  contents  and  stoi)per,  is  accurately  known.  About  1  or  2 
gm.,  or  any  other  ([uantity  within  a  trifle,  can  be  emptied  into 
the  proper  vessel  for  analysis,  and  the  exact  quantity  found  by 
reweighing  the  bottle. 

A  hardened  steel  or  agate  mortar  must  be  used  to  reduce  the 
mineral  to  the  finest  possible  powder,  so  as  to  insure  its  complete 
and  rapid  decomposition  by  the  hydrochloric  acid. 

Considerable  discussion  has  occurred  as  to  the  best  processes 
for  estimating  the  available  oxygen  in  manganese  ores,  arising  from 
the  fact  that  many  of  the  ores  now  occurring  in  the  market  contain 
iron  in  the  ferrous  state;  and  if  such  ores  be  analyzed  by  the  usual 
iron  method  with  hydrochloric  acid,  a  portion  of  the  chlorine 
jiroduced  is  emi)loyed  in  oxidizing  the  iron  contained  in  the  original 
ore.  Such  ores,  if  examined  by  Fresenius  and  Wills'  method, 
show  therefore  a  higher  percentage  than  by  the  iron  method,  since 
no  such  consumption  of  chlorine  occurs  in  the  former  process. 
Manufacturers  have  therefore  refused  to  accept  certificates  of 
analysis  of  such  ores  when  based  on  Fresenius  and  Wills* 
method.  This  renders  the  volumetric  processes  of  more  importance, 
and  hence  various  experiments  have  been  made  to  ascertain  their 
IK)ssible  sources  of  error. 

The  results  show  that  the  three  following  methods  give  very 
satisfactory  results  (see  Scherer  and  Rumpf,  C.  N.  xx.  302;. 
also  Pattinson,  ibid.  xxi.  266;  and  Paul,  xxi.  16). 

5.     Direct  Analysis  by  Distillation  with  Hydrochloric  Acid. 

This  is  the  quickest  and  most  accurate  method  of  finding  the 
(piantity  of  available  oxygen  present  in  any  of  the  ores  of  manganese 
or  mixtures  of  them.     It  also  possesses  the  recommendation  that  the 
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quantity  of  chlorine  wliich  they  liberate  is  dirt'ctly  expressed  in  the 
analysis  itself ;  and,  further,  gives  an  estimate  of  the  (juantity  of 
hydrochloric  acid  refpiired  for  the  deconipasition  of  any  ])articular 
sample  of  ore,  which  is  a  matter  of  some  moment  to  the  manu- 
facturer of  bleaching  i)Owder. 

The  ai)paratus  for  the  oj>eration  may  he  those  shown  in  iigs. 
37  and  38.  For  precautions  in  conducting  the  distillation 
see  §  39. 

Procesif :  In  order  that  the  i>ercent:i>(c  of  dioxide  shall  be  directly 
exprcssetl  by  the  number  of  c.c.  of  I'V  thiosulfdiate  solution  used,  ()*43H  ^ni. 
of  the  projKjrly  dried  and  powdered  sjimple  is  weighed  and  put  into  tho  little 
flji«*k ;  solution  of  i>otaKsic  iodide  in  sufticient  (jUfintity  to  absorb  all  the 
iodine  set  free  is  put  into  the  Inr/ife  tube  (it*  the  solution  containing?  ,">  eq.  or 
332  f^in.  in  the  Htcr  be  uwmI,  about  70  or  80  cc.  will  in  ordinary  cases  l)o 
sufHcieut);  very  stron.ij  hvdrochlorie  arid  is  then  jwurcd  into  tbe  distilling 
flask,  and  tho  operation  conducted  as  in  §  39.  Each  ecpiivalent  of  iodine 
liberate<l  r(?i>resents  1  eq.  CI,  also  I  e(|.  MnO-. 

Instead  of  using  a  detinite  weight,  it  is  well  to  do  as  before 
proposed,  namely,  to  pour  about  the  (juantity  required  out  of  the 
weighed  sample-bottle  into  the  flask,  and  iind  the  exact  weight 
afterwards. 

Harlow  (C.  X.  liii.  41)  recortls  a  good  method  of  separating 
Mn  from  the  metals  of  its  own  group  as  well  as  from  alkalies  and 
alkaline  earths. 

For  the  «iuantitative  estimation  of  Fc  and  ^Fn  in  the  same 
solution  as  chlorides  (other  metals  except  Cr  imd  Al  may  be  present, 
but  best  absent),  sobition  of  NH'*C1  is  first  added,  tln?n  strong 
2sIPH()  in  excess,  boil,  then  hydrogen  peroxide  so  long  as  a 
I»recipitat€  falls,  boil  for  a  few  minutes,  filter,  wash  with  hot  water, 
ignite*,  and  weigh  the  mixed  oxides  together  as  Fe-0'*  -I-  Mn-K)"*. 

The  oxides  are  then  distilled  with  IICl,  and  the  amount  of 
kxline  found  by  thiosulphate. 

Tiie  weight  of  mixed  oxides,  minus  the  ^Fn'^O*,  gives  tlni  weight 
of  Fe^O'^ 

Pickering  (J.  C.  S.  1880,  128)  has  pointed  out  that  jmre 
manganese  oxides,  freshly  prepared,  or  the  dry  oxides  in  very 
fine  powder,  may  be  rapidly  estimated  without  distillation  by 
merely  adding  them  t^^  a  large  excess  of  potassic  iodide  solution 
in  a  beaker,  running  in  2  or  3  cc.  of  hydrochloric  a<!id,  when 
the  oxides  are  immediately  attacked  and  decomposed;  the  liberated 
iodine  is  then  at  once  titrated  with  thiosidphate.  Impure  oxides, 
containing  especially  ferric  oxide,  cannot  however  be  estimated  in 
this  way,  since  the  iron  would  have  the  same  effect  Jis  manganic 
oxide  ;  hence  distillation  must  b(j  resorted  to  in  the  case  of  all 
such  ores,  and  it  is  imperative  that  the  strongest  hydrochloric  acid 
should  be  used. 

Pickering's  modified  process  is  well  adapt<jd  to  the  examination 
of  the  AVeldon  mud,  for  its  available  amount  of  manganese  dioxide. 
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6.    Estimation  by  Oxalic  Aoid. 

The  very  finely  powdered  ore  is  mixed  with  a  known  vohime  of 
normal  oxalic  acid  solution,  suli)huric  acid  added,  and  the  mixture 
heated  and  well  shaken,  to  iDring  the  materials  into  intimate  contact 
and  liberate  the  CO*-^.  When  the  whole  of  the  ore  is  decomposed, 
which  may  be  known  by  the  absence  of  brown  or  black  sediment, 
the  contents  of  the  vessel  are  made  up  to  a  definite  volume,  say 
300  c.c,  and  100  c.c.  of  the  dirty  milky  fluid  well  acidified, 
•diluted,  and  titrated  for  the  excess  of  oxalic  acid  by  permanganate. 
If,  in  consequence  of  the  impurities  of  the  ore,  the  "mixture  be 
brown  or  reddish  coloured,  this  would  of  course  interfere  with  the 
indication  of  the  permanganate,  and  consequently  the  mixture  in 
this  case  must  be  filtered  ;  the  300  c.c.  are  therefore  well  shaken 
and  poured  upon  a  large  filter.  When  about  100  c.c.  have  i)assed 
through,  that  (quantity  can  be  taken  by  the  pipette  and  titrated  as 
in  the  former  case. 

If  the  solution  be  not  dilute  and  freelv  acid,  it  will  be  found 
that  the  permanganate  produces  a  dirty  brown  colour  instead  of  its 
well-known  bright  rose-red  ;  if  the  first  few  drops  of  permanganate 
produce  the  proper  colour  immediately  they  are  added,  the  solution 
is  sufficiently  acid  and  dilute. 

If  4  357  gm.  of  the  ore  be  weighed  for  analysis,  the  number  of 
c.c.  of  normal  oxalic  acid  will  give  the  percentage  of  dioxide ;  but 
as  that  is  rather  a  large  quantity,  and  takes  some  time  to  dissolve 
and  decompose,  half  the  quantity  may  be  taken,  when  the  per- 
centage is  obtained  by  doubling  the  volume  of  oxalic  acid. 

Example :  The  perniaiiKnnate  was  titrated  with  normal  oxalic  acid,  and  it 
was  found  that  1  c.c.=0'25  c.c.  of  normal  oxalic  acid.  2'178  ^:m.  of  a  rich 
sample  of  commercial  manganese  (pyrolusite)  wore  treated  with  50  c.c.  of 
normal  oxalic,  together  with  5  c.c.  of  concentrated  sulphuric  acid,  until  the 
decomposition  was  complete.  The  resulting  solution  was  milky,  but  con- 
tained nothing  to  obscure  the  colour  of  the  permanganate,  and  therefore 
needed  no  filtration.  It  was  diluted  to  300  c.c,  and  icio  c.c.  taken  for  titra- 
tion, Mhich  required  G2  c.c.  of  permanganate.  A  second  100  c.c.  required 
(>*3,  mean  625,  which  multiplied  by  3  gave  18*75  c.c;  this  multiplied  by 
the  factor  0*23  to  convert  it  into  oxalic  acid  gave  4*68  c.c.  normal  oxalic, 
and  this  being  deducted  from  the  original  50  c.c  used,  left  45'32  c.c.=90'64 
per  cent,  of  pure  manganic  dioxide. 

This  process  possesses  an  advantage  over  the  following,  inasmuch 
as  there  is  no  fear  of  false  results  occurring  from  the  presence  of 
air.  The  analysis  may  be  broken  off  at  any  stage,  and  resumed 
at  the  operator's  convenience. 

7.    Estixnatlon  by  Iron. 

The  most  satisfactory  fonn  of  iron  is  soft  "  flower  "  wire,  which 
is  readily  soluble  in  sulphuric  acid.  If  a  perfectly  dry  and  un- 
oxidized  double  iron  salt  be  at  hand,  its  use  saves  time.  1  mol. 
of  this  salt  =  392,  representing  43  5  of  MnO-,  consequently,  1  gm.  of 
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the  latter  requires  9  gra.  of  the  double  salt ;  or  in  order  that  the 
percentage  shall  be  obtained  without  calculation,  1*111  grn.  of  ore 
may  be  weighed  and  digested  in  the  presence  of  free  sulpluiric  acid^ 
with  10  gin.  of  double  iron  salt,  the  whole  of  which  would  be 
re(iuire(l  supposing  the  sample  were  pure  dioxide.  The  undecom- 
I)osed  iron  salt  remaining  at  the  end  of  the  reaction  is  estimated  by 
I)ermanganate  or  bichromate  ;  the  quantity  so  found  is  deducted 
from  the  original  10  gm.,  and  if  the  remainder  be  multiplied  by  10 
the  percentage  of  dioxide  is  gained. 

Instead  of  this  i>lan,  which  necessitates  exact  weighing,  any 
convenient  quantity  may  be  taken  from  the  tared  bottle,  as  before 
described,  and  digested  witli  an  excess  of  double  salt,  the  weight 
of  which  is  known.  After  the  undecomposed  (piantity  is  found  by 
j>ermanganate  or  bidiromate,  the  remainder  is  multi})lied  ]>y  the 
factor  0*111,  which  gives  the  proportion  of  dioxide  present, 
whence  the  i)ercentage  may  be  calcuhited. 

The  decomposition  of  the  ore  may  be  made  in  any  of  the 
apparatus  used  for  titrating  ferrous  iron.  The  ore  is  first  jmt 
into  the  decomi)osing  tlask,  then  the  iron  salt  ami  Avater,  so  as  to 
dissolve  the  salt  to  some  ext(;nt  before  the  sulphuric  acid  is  added. 
Sulphuric;  acid  should  be  used  in  considerable  excess,  and  the 
flask  heated  by  the  sj)irit  lamp  till  all  the  or<»  is  decomposed  ; 
the  Sijluticm  is  then  cooled,  diluted,  and  the  whole  or  part  titrated 
with  permanganate  or  bichronuite. 

Example :  1  ^'iii  of  double  irou  sidt  was  titrated  with  i)eriii;ui^Tiiiate 
Holutioii  of  which  214  c.c.  were  required. 

rill  >:m.  of  the  sample  of  manganese  was  accunitoly  weighed  and  di^^ested 
with  8  LCin.  of  iron  salt, and  sulphuric  acid.  After  the  decomposition,  88  c.c. 
of  perman^'anate  were  required  to  peroxidize  the  undec<)mi>osed  iron  salt 
(  =  0*42  j;m.),  which  de<lu(;ted  from  the  H  ^m.  orijfinally  used  left  7*58  fi^n. ; 
or  placing  the  decimal  iM)int  one  pla^-e  to  the  right,  75*8  jkt  cent,  of  pure 
dioxide. 

Fn  the  ca.se  of  u.sing  {^f^  bichromate  for  the  titration,  the  following 
plan  is  convenient : — 100  c.c.  of  ^(^  bichromate  =  3*92  gm.  of  double 
iron  salt  (.supposing  it  to  be  ])erfectly  pure),  therefore  if  0*436  gm. 
of  the  sample  of  ore  be  boiled  with  3*92  gm.  of  the  double  salt 
and  excess  oi  aci«l,  the  number  of  c.c.  of  bichromate  retpiiretl 
deducted  from  100  will  leave  the  number  corresponding  to  the 
percent^ige. 

Example :  0*4.36  ^m.  of  the  same  sanqde  as  examined  Ixjfore  was  hoi  led 
with  302  gm.  of  double  salt,  and  afterwards  required  24  c.c.  of  i*{i  bichro- 
mate, which  deducted  from  lOO  leaves  76  per  cent,  of  dioxide,  agreeing  very 
closely  with  the  previous  examination. 

When  usin^  metallic  iron  for  the  titration  (which  in  most  cases  is  preferred) 
Pattinson  proceeds  as  follows:— 30  ^rn.  of  clean  iron  wire  are  placed  in 
a  suitable  apparatus,  with  3  oz.  of  dilute  sulphuric  a(;id,  made  hy  adding 
3  iKirts  of  water  to  one  of  concentrated  acid.  \Vhen  the  iron  is  (juite  dissolved, 
30  grn.  of  the  finely  powdered  and  dried  sample  of  manj^smese  ore  to  be 
tested  are  put  into  the  flask,  the  cork  replaced,  and  the  contents  again  mado 


238  VOLUMETRIC  ANALYSIS.  §    68. 

to  boil  gently  over  a  j^as  flame  until  it  is  seen  that  the  whole  of  the  black 
l)art  of  the  inan.iranese  is  dissolved.  The  water  in  the  small  flask  is  then 
iiUowed  to  recede  through  the  bent  tube  into  the  larger  flask,  more  distilled 
water  is  added  to  rinse  out  the  small  flask  or  beaker  and  bent  tube,  the  cork 
well  rinsed,  and  the  contents  of  the  flask  made  up  to  about  8  or  10  oz.  with 
distilled  water.  The  amount  of  iron  remaining  unoxidized  iu  the  solution 
IS  then  ascertained  by  means  of  a  standard  solution  of  potassic  bichromate. 
The  amount  indicated  by  the  bichromat'e  deducted  from  the  total  amount  of 
iron  used,  gives  the  amount  of  iron  which  has  been  oxidized  by  the  man}2^- 
nese  ore,  and  from  which  the  ixjrcentage  of  manganic  dioxide  contained  in 
the  ore  can  bo  (calculated.  Thus,  supposing  it  were  found  that  4  grn.  of 
iron  remained  unoxidized,  then  30—4^=20  grn.  of  iron  which  have  been 
oxidized  by  the  30  grn.  of  ore.    Then,  as 

53  :  43-5  :  :  26  :  202 

the  amount  of  dioxide  in  the  30  grn.  of  ore.  The  percentage  is  therefore 
67*33.     Thus— 

30  :  20-2  :  :  100  :  67*33 

(jrrain  weights  are  given  in  this  example,  but  those  who  use  the 
gram  system  Avill  have  no  difficulty  in  arranging  the  details 
accordingly. 

MEBGUBT. 

Hg=200. 

1  CO.  ^^  sohition  =  0*0200  gm.  Hg. 

=  0-0208  gm.  Hg20 
=  0*0271  gm.  HgCr- 

Double  iron  salt  x  0*5 104  =  Hg. 

X  0-6914  =  HgCP 


?> 


1.    Freoipitation  as  Mercurons  Chloride. 

§  68.  The  solution  to  be  titrated  must  not  be  warmed,  and 
must  contain  the  metal  only  in  the  form  of  protosalt.  y^  sodic 
chloride  is  added  in  slight  excess,  the  precipitate  washed  with  the 
least  possible  quantity  of  Avater  to  ensure  the  removal  of  all  the 
sodic  chloride  ;  to  the  filtrate  a  few  drops  of  chromate  indicator  are 
added,  then  pure  sodic  carbonate  till  the  liquid  is  of  a  clear  yellow 
colour,  y5>  silver  is  then  delivered  in  till  the  red  colour  occurs. 
The  ([uantity  of  sodic  chloride  so  found  is  deducted  from  that 
originally  used,  and  the  difference  calculated  in  the  usual  way. 

2.    By  Ferrous  Oxide  and  Permanganate  (Mohr). 

This  process  is  based  on  the  fact  that  when  mercuric  chloride 
(corrosive  sublimate)  is  brought  in  contact  with  an  alkaline  solution 
of  ferrous  oxide  in  excess,  the  latter  is  converted  into  ferric  oxide, 
while  the  mercury  is  reduced  to  mercurous  chloride  (calomel). 
The  excess  of  ferrous  oxide  is  then  found  by  permanganate  or 
.bichromate — 

2HgCr-  +  2FeC12  =  Hg^Cl-  +  Fe2CR 
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It  is  therefore  advisiible  in  all  cases  to  convert  the  inerciiry  to  be 
estimated  into  the  form  of  sublimate,  by  evaporating  it  to  (lryne.<s 
Avith  nitro-hydrocliloric  acid ;  this  must  Uike  place,  however,  below 
boiling  heat,  as  va^KDurs  of  chloride  escape  with  steam  at  100'  C. 
(Fresenius). 

Nitric  acid  or  free  chlorine  must  be  altogether  absent  during 
the  d(?composition  with  the  iron  i)rotosalt,  otherwise  the  riisidual 
titration  will  be  inexact,  and  tlie  quantity  of  the  iron  salt  must  be 
nn^re  than  sufficient  to  absorb  half  the  chh^rine  in  the  sublimate. 

Example :  1  j^in.  of  j)ure  8u])liinate  wa«  diswlved  in  warm  water,  and 
3  ^m.  of  double  in)n  salt  added,  then  Holiition  of  caustic  soda  till  freely 
alkaline.  The  mixture  IxMsame  muddv  ami  dark  in  colour,  and  was  well 
shaken  for  a  few  minutes,  then  sodic  chloride  and  sulphuric  acid  added,  (*on- 
tinuin^  the  shaking'  till  the  colour  disappeared  and  the  precipitate  of  ferric 
oxide  dissolved,  leavinj;  the  calomel  white ;  it  was  then  diluted  to  300  c.c. 
filtered  throu^li  a  dry  filter,  and  lOD  c.c.  titrated  with  x*ir  pennanj^'anate,  of 
which  13'2  c.c.  were  recpiired — 132 x 3—30*0,  which  deducted  from  7G*.*i  c.r. 
(the  quantity  required  for  3  i^i.  double  iron  salt),  left  36*9  c.c.^r-147  v^ia. 
of  undeeomposed  iron  salt,  which  multiplied  by  the  factor  0*0914,  gave 
1*0005  jrni-  of  sublimate,  instead  of  1  ^m.,  or  the  30*9  c.c.  may  be  multiplied 
by  the  ^\  factor  for  mercuric  chloride,  which  will  ^ive  1  gm.  exacth'. 


3.    By  Iodine  and  Thiosulphate  (Hem pel). 

If  the  mercury  exist  as  a  protosalt  it  is  i)recipitated  by  sodic 
cldoride,  the  j)recipitate  well  washed  and  together  with  its  filter 
pushed  through  the  funnel  into  a  stoppered  Hask,  a  sufficient 
<|uantity  of  jHitassic  iodide  added,  together  with  ^j^  iodine  solution 
(to  1  gm.  of  calomel  about  2*5  gm.  of  iodide,  and  100  c.c.  of  ^j^ 
iodine),  the  tliusk  closed,  and  shaken  till  the  i»recipitate  has 
dissolved — 

Hg-^Cl-  +  OKI  +  21  =  2HgK2I4  +  2KC1. 

The  brown  solution  is  then  titrated  with  ^^  thiosulphate  till 
colourless,  diluted  to  a  definite  volume,  and  a  measured  portion 
titrated  with  y^Jt  iodine  and  starch  for  the  excess  of  thiosulphate. 
1  c.c.  ^(^  iodine  -  0*02  gm.  Hg. 

Wh(»re  the  mercurial  solution  cxmtains  nitric  acid,  or  the  nietiil 
exists  as  peroxide,  it  may  be  converted  into  protochloride  by  thi» 
reducing  action  of  ferrous  sulphate,  as  in  Mohr's  method.  The 
solution  must  contain  hydrochloric  acid  or  common  salt  in  sufficient 
quantity  to  transform  all  the  mercury  into  calomel.  At  least  three 
times  tlie  weight  of  mercury  present  of  ferrous  8ul]>hate  in  solution 
is  to  l>e  added,  then  caustic  soda  in  exces.s,  the  muddy  liquid  well 
shaken  for  a  few  minutes,  then  dilute  sulphuric  acid  added  in 
excess,  and  the  mixture  stirred  till  the  dark-coloured  i)recipitiite 
has  become  perfectly  white.  The  calomel  so  obtained  is  collected 
on  a  filter,  well  washed,  and  titrated  with  yis  iodine  and  thiosulidiatc 
as  above. 
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4.    Direct  Titration  with  Sodic  Thiosulphate  (Scherer). 

The  standard  thiosiilphate  is  made  by  dissolving  oVg1-  =  12*4 
gm.  of  the  salt  in  1  liter  of  water. 

The  reaction  which  takes  jilace  with  thiosulphate  in  the  case  of 
mercurous  nitrate  is — 

Hg2(XO^)2  +  Xa^S^O'^  =  Hg2S  +  Xa^SO*  +  X-TJ^ 

With  mercuric  nitrate — 

3Hg(XO0'-  +  2Xa28-0-^  =-  2HgS.Hg(X03)2  +  2Xa2SO^  +  2X-0\ 
With  mercuric  chloride — 

SUgCl^  +  2Xa'^S20^  +  2H20  =  2HgS.HC12  +  2Xa2SO^  +  41IC1. 

(a)  Mercurous  Salts.  — The  solution  containing  the  metid  as  a  proto- 
salt  only  is  diluted,  gently  heated,  and  the  thiosulphate  delivered  in  from  the 
burette  at  intervals,  meanwhile  well  shakinj?  until  the  last  drop  produces  no 
brown  colour.  The  suljihide  settles  freely,  and  allows  the  end  of  the  reaction 
to  1)0  easily  seen.      1  c.c.  of  thiosulphate=0020  gm.  Hg,  or  00208  gm. 

ng"o. 

(h)  Mercuric  Nitrate.— The  solution  is  (jonsiderabl}'  diluted,  put  into 
a  stoppered  flask,  nitric  acid  added,  and  the  thiosulphate  cautiously  delivered 
from  the  burette,  vigorously  shaken  meanwhile,  until  the  last  droj)  produces 
no  further  yellow  precipitate.  Scherer  recommends  that  when  the  greater 
l>art  of  the*  metal  is  x)reci  pita  ted,  the  mixture  should  be  diluted  to  a  definite 
volume,  the  precipitate  allowed  to  settle,  and  a  measured  quantity  of  the 
clear  li<iuid  t-iken  for  titration ;  the  anah'sis  may  then  be  checked  by  a  second 
titration  of  the  clear  liquid,  if  needful.  1  c.c.  thiosulphate=0  015  gm.  Ilg, 
or  00162  gm.  IlgO. 

(c)  Mercuric  CMoride. — AVith  mercuric  chloride  (sublimate)  the  end  of 
the  process  is  not  so  easily  seen.  The  procedure  is  as  follows :— The  very 
dilute  solution  is  acidified  with  hydrochloric  acid,  heated  nearly  to  boiling, 
and  the  thiosulphate  cautiously  added  so  long  as  a  white  i)recipitate  is  seen 
to  form ;  any  great  excess  of  the  precipitant  produces  a  dirty-looking  colour. 
Filtration  is  necessary  to  distinguish  the  exact  ending  of  the  reaction,  for 
which  puq>ose  Beale's  filter  (fig.  23)  is  useful. 

Liebig's  method  is  the  reverse  of  that  used  for  determining 
chlorides  in  urine,  sodic  phosphate  being  used  as  indicator  in  the 
estimation  of  mercury,  instead  of  the  urea  occurring  naturally  in 
urine      The  method  is  capable  of  very  slight  application. 

5.    As  Mercuric  Iodide  (Fersonne),  Goxnpt.  Bend.  Ivi.  63. 

This  process  is  founded  on  the  fact  that  if  a  solution  of  mercuric 
chloride  be  added  to  one  of  potassic  iodide,  in  the  proportion  of 
1  equivalent  of  the  former  to  4  of  the  latter,  red  mercuric  iodide  is- 
formed,  which  dissolves  to  a  colourless  solution  until  the  balance  is 
overstei)ped,  Avhen  the  brilliant  red  colour  of  the  iodide  appears  aa 
a  precipitate,  which,  even  in  the  smallest  quantity,  communicates, 
its  tint  to  the  liquid.    The  mercuric  solution  must  always  be  added 
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to  tlie  potiissic  iodide  ;  a  reversal  of  the  process,  tlioiigli  giving 
eventually  the  same  quantitative  reaction,  is  nevertheless  much  less 
speedy  and  trustworthy.  The  mercurial  compounds  to  be  estimated 
by  this  process  must  invariably  be  brought  into  the  form  of  neutral 
mercuric  chloride. 

The  standard  solutions  required  are  decinormal,  made  as  follows: — 

Solution  of  Potassic  iodide. — 33*2  gm.  of  pure  salt  to  1  liter. 
1  c.c.=0-01  gm.  Hg.  or  001 355  gm.  HgCR 

Solution  of  Mercuric  chloride — 13*537  gm.  of  the  salt,  with 
about  30  gm.  of  pure  sodic  chloride  (to  assist  solution),  arc  dissolved 
to  1  liter.     1  c.c.=:0*l  gm.  Hg. 

The  conversion  of  various  forms  of  mercury  into  mercuric.'  chloride 
is,  according  to  Personne,  best  effected  by  heating  w^ith  caustic 
sotla  or  potash,  and  passing  chlorine  gas  into  the  mixture,  which 
is  afterwards  boiled  to  expel  excess  of  chlorine  (the  mercuric 
chloride  is  not  volatile  at  l)oiliug  temperature  when  associated  with 
alkaline  chloride).  The  solution  is  then  cooled  and  diluted  to 
a  given  volume,  placed  in  a  burette,  and  delivered  into  a  measured 
volume  of  the  decinormal  potassic  iodide  until  the  characteristic 
colour  occurs.  It  is  j)referable  to  dilute  the  mercuric  solution  con- 
siderably, and  make  up  to  a  given  measure,  say  300  or  500  c.c.  ; 
and  as  a  preliminary  trial  tiike  20  c.c.  or  so  of  iodide  solution, 
and  titrate  it  with  tlie  mercuric  solution  aj)proximately  with 
a  graduated  i)ipette ;  the  exact  strength  may  then  be  found  by 
using  a  burette  of  sufficient  size. 

6.    By  Potassic  Cyanide  (Hannay). 

This  process  is  exceedingly  valuable  for  the  estimation  of  almost 
all  the  salts  of  mercury  when  they  occur,  or  can  b(i  separated,  in 
a  tolerably  pure  state.  Organic  conqwunds  are  of  no  consequence 
unlt'ss  they  affect  the  colour  of  the  solution. 

The  method  depends  on  the  fact  that  free  ammonia  ]>roduces 
a  precipitate,  or  (when  the  quantity  of  mercury  is  very  small)  an 
o])alescence  in  mercurial  solutions,  which  is  removed  by  a  definite 
a«mount  of  potissic  cyanitle. 

The  delicacy  of  the  reaction  is  interfered  with  by  excessive 
quantities  of  nmmoniacal  salts,  or  by  caustic  sotla  or  iK)tish  ;  but 
this  difficulty  is  lessened  by  the  modihcation  suggested  by  Tuson 
and  Xeison  (J.  C.  S.  1877,  679). 

Chajiman  Jones  {J.  C.  S.  Ixi.  364)  has  further  modified  the 
3)rocess  so  as  to  make  it  easier  to  detect  the  end-point,  and  says  of 
the  method  as  worked  by  Tuson  and  Xeison:  "Their  general 
method  consists  in  dissolving  the  mercury  comj)Ound  in  acid,  as 
jnay  be  convenient,  adding  a  little  ammonium  chloride,  and  then 
j>*jtassic  carbonate,  until  an  opalescent  precipitate  appears.     The 
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cyanide  solution  is  then  added.  They  give  exj>eriments  showing 
the  trustworthiness  of  the  process  as  applied  to  the  nitrate, 
sulphate,  acetate,  oxalate,  sebate,  and  citmte  of  mercury ;  ami 
state  that  the  presence  of  nitrates,  sulphates,  chlorides,  acetates, 
oxalates,  citrates,  and  butyrates  of  potassium,  sodium,  calcium, 
and  magnesium,  and  organic  matter  as  far  as  tested,  does  not 
interfere  with  the  accuracy  of  the  method. 

From  my  experience,  1  cannot  affirm  that  these  methods  of 
Avorking  are  satisfactory.  There  is  considerable  uncertainty  as  to 
the  end  of  the  reaction,  because  less  potassic  cyanide  will  effect 
a  clearance  if  longer  time  is  allowed. 

These  difficulties  and  uncertainties  can,  I  find,  be  entirely 
eliminated,  and  the  process  reduced  to  a  series  of  oi)erations  which 
are  comparatively  simple  and  rapid,  by  performing  the  titration  in 
an  entirely  different  manner  from  either  variation  suggested  by 
the  authors  referred  to.  I  employ  a  solution  of  mercuric  chloride 
containing  O'Ol  gm.  of  metal  per  c.c,  and  a  solution  of  crj'stallized 
potassic  cyanide  made  by  dissolving  7  gm.  to  the  liter,  the  exact 
value  of  Avhich  is  found  by  titrating  it  against  the  mercury  solution. 
Strong  ammonia  diluted  to  ten  times  its  bulk,  and  some  diluted  to 
fifty  or  a  liundred  times  its  bulk,  are  convenient. 

Procesx :  If  the  mercury  scilution  is  not  fit  for  titrjitiou,  the  metal  is 
prccijntated  as  sulphide,  vvhicb,  after  washing,  is  washed  off  the  filter  and 
allowed  to  subside ;  the  clear  water  is  then  decanted  off,  and  aqua  regia 
added  to  the  moist  residue.  The  precipitate,  with  the  paper  it  is  on,  might 
doubtless  be  treated  direct  with  aqua  regia,  as  Tuson  and  Neison  found 
that  organic  matter,  so  far  as  they  tried  it,  does  not  influence  the  result. 
To  avoid  the  possibility  of  volatilizing  the  raercur^'  salt,  the  aqua  regia  is 
allowed  to  act  in  the  ("old.  In  a  few  hours,  sometimes  in  far  less  time,  the 
residue  is  of  a  pure  yellow  colour,  and  the  solution  may  be  diluted  and 
filtered.  The  solution,  or  an  aliquot  i)art  of  it,  is  then  coloured  distinctly 
with  litmus,  treated  with  successive  small  quantities  of  powdered  potassic 
carbonate  until  alkaline,  wanning  but  slight!}',  and  then  reudere<l  just  acid 
with  dilute  hydrochloric  acid,  with  subsequent  boiling  to  remove  the  carbonic 
anhydride.  The  mercury  is  not  precipitated  at  all,  unless  the  carbonic 
anhydride  is  boiled  out  before  acidification.  After  cooling,  the  dilutest 
ammonia  mentioned  above  is  added,  a  drop  at  a  time,  until  the  litmus  in  the 
solution  shows  that  the  excess  of  acid  is  very  slight,  or  in  just  insuflicient 
quantity  to  produce  a  pennanent  precipitate.  A  quantity  of  cyanide 
solution,  which  is  known  to  be  in  excess  of  that  required,  is  added,  and,  a«* 
a  guide  for  the  first  titration,  the  ammonia  may  be  added  until  a  slight 
precipitate  is  produced,  and  cyanide  until  the  solution  is  cleared.  Two  or 
three  droi)s  (not  more)  of  the  I  in  10  ammonia  are  introduced,  and  then 
more  of  the  mercur}'  solution  is* added  until  the  j^ermanent  turbidity 
produced  matches  that  obtained  by  adding  0*1  c.c.  of  the  mercurj'  solution 
to  about  the  same  bulk  of  water  as  the  test,  and  containing  approximately 
the  same  amounts  of  litmus  and  free  ammonia.  Each  drop  of  the  mercur}* 
solutiou  added  produces  its  maximum  turbidity  in  a  few  seconds,  and  it  can 
be  seen  at  a  glance,  if  the  flasks  are  j)roperly  placed,  whether  this  turbidity 
is  e<iual  to  or  less  than  the  standard.  In  a  few  seconds  more  it  is  quite 
obvious  whether  the  turbidity  is  permanertt  or  is  growing  less.  Too  much 
free  ammonia  cjiuses  the  preciy»itate  to  clot  together,  and  so  vitiates  the 
result.    The  presence  of  the  litmus  tends,  in  my  exj)erience,  to  lessen  the 
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error  due  to  the  variation  in  the  state  of  a^</regation  of  the  i)re(Mpitate 
when  too  much  ammonia  has  been  added.  Tlie  turbiditiet*  so  obUiined  will 
remain  apparently  unchanged  for  many  hours.  The  01  c.c.  excess  of 
mercurv  K)Iution  is  of  course  allowed  for  in  the  calculation.'* 


NIOKBL. 

§  69.  The  estimation  of  this  metal  volume trically  has  now 
l)ecome  satisfactory,  and  we  are  indebted  to  T.  Moore  (C.  N,  Ixxii. 
92)  for  a  much  more  perfect  process  than  was  given  by  him  in  the 
previous  edition.  The  modified  process  consists  in  discanling  the 
use  of  cupric  ferrocyanide  as  the  indicator,  and  substituting  silver 
iixlide  in  its  place.  Moore's  own  description  of  the  method  is  as 
follows : — 

"If  to  an  ammoniacal  solution  of  nickel  containing  Agl  in 
suspension  (silver  iodide  being  almost  insoluble  in  weak  ammonia) 
there  is  added  potassic  cyanide,  the  solution  will  remain  turbid  so 
long  as  all  the  nickel  is  not  converted  into  the  double  cyanide  of 
nickel  and  potassium,  the  slightest  excess  of  cyanide  being  indicated 
by  the  clearing  up  of  the  licpiid,  and,  furtliermore,  this  excess 
may  be  exactly  determined  by  adding  a  solution  of  silver  until  the 
turbidity  is  reproduced.  It  is  a  fortunate  circumstance  that  the 
complicated  side-reactions  existing  in  Parke's  copper  assay  do  not 
appear  to  take  place  with  nickel  solutions,  at  least  not  when  the 
temi)erature  is  kept  below  20'  C.  This  is  fully  l)orne  out  by  the 
fact  that  the  potassic  cyanide  may  be  standardized  on  either  silver 
or  nickel  solutions  with  e{pial  exactness.  In  practice  it  lias  been 
found  best  to  proceed  in  the  following  manner : — 

Standard  solution  of  Silver  nitrate*,  containing  about  3  gni.  of 
silver  per  liter.  The  strength  of  this  solution  must  be  accurately 
known. 

Potissic  iodide,  10  per  cent,  solution. 

Potassic  cyanide,  22  to  25  gm.  per  liter.  This  solution  must  bo 
tested  every  few  days,  owing  to  its  liability  to  change. 

StandardiziDflT  the  Cyanide  Solution. — This  may  be  aix'oniplishod  iu 
two  ways:  (a)  on  a  solution  of  nickel  of  known  metallic  contents,  or  (6)  on 
the  silver  solution. 

(fi)  First  accurately  establish  the  relation  of  the  cyanide  t<>  the  silver 
solution,  by  running?  into  a  beaker  3  or  4  c.c.  of  the  former;  dilute  tins  with 
about  150  c.c.  of  water,  render  slightly  alkaline  with  ammonia,  and  then  add 
a  few  dro]>s  of  the  potassic  iodide.  Now  carefully  run  in  the  silver  solution 
until  a  faint  ])ermanent  opalescence  is  produced,  which  is  finally  caused  to 
disjippear  by  the  further  addition  of  a  mere  trace  of  cyanide.  The 
respective  volumes  of  the  silver  and  cyanide  solutions  are  then  rcjid  off,  and 
the  equivalent  in  cyanide  of  I  c.c.  silver  solution  calculated.  A  s(>lution 
containin^r  a  known  ipiantity  of  nickel  is  now  required.  This  must  have 
sufUcient  free  acid  ])resent  to  prevent  the  formation  of  any  precipitate,  on 
the  subsequent  addition  of  ammonia  to  alkaline  reaction ;  if  this  is  not  so, 
a  little  annnonic  chloride  may  be  added.  A  carefully  measured  (juantity  of 
the  solution  is  then  taken,  containing;  about  0*1  gm.  of  nickel,  and  rendered 
distinctlv  alkaline  with  ammonia,  a  few  drops  of  potassic  iodide  added,  and 
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the  liquid  diluted  to  150  or  200  c.c.  A  few  drops  of  the  silver  solution  are 
now  run  in,  and  the  solution  stirred  to  produce  a  uniform  turbidity.  The 
solution  is  now  ready  to  be  titrated  with  the  ])0tas8ic  cyanide,  which  is 
added  slowly  and  with  constant  stirring  until  the  precipitate  wholly 
disappears ;  a  few  extra  drops  are  added,  after  which  the  beaker  is  placed  under 
the  silver  nitrate  burette,  and  this  solution  gently  dropped  in  until  a  faint 
permanent  turbidity*  is  again  visible ;  this  is  now  finally  caused  to  dissolve 
by  the  mere  fraction  of  a  drop  of  the  cyanide.  A  correction  must  now  be 
applied  for  the  excess  of  the  cyanide  added,  by  noting  the  amount  of  silver 
employed,  and  working  out  its  value  in  cyanide  from  the  data  already 
found ;  this  excess  must  then  be  deducted,  the  corrected  number  of  c.c. 
being  then  noted  as  equivalent  to  the  amount  of  nickel  employed. 

(b)  Having  determined  the  relative  value  of  the  C3'anide  to  the  silver 
solution,  and  knowing  accurately  the  metallic  contents  of  the  latter,  then 
Ag  X  0*27196  gives  the  nickel  equivalent.  This  method  is  quite  as  accurate 
as  the  direct  titration. 

A  modification  of  the  above  process,  wherein  one  burette  only 
is  necessary,  has  been  found  very  convenient,  and  has  given  most 
excellent  results.     It  is  as  follows : — 

AVhen  a  solution  of  potas«ic  C3'anide,  containing  a  small  quantity  of 
silver  cyanide  dissolved  in  it,  is  added  to  an  ammoniacal  solution  of  nickel 
containing  potassic  iodide,  it  is  seen  that  silver  iodide  is  precipitated,  and 
the  turbidity  thus  caused  in  the  solution  continues  to  increase  up  to  the 
point  where  the  formation  of  the  nickelo-potassic  cyanide  is  comi)lete ;  any 
fiirther  addition  after  this  stage  is  reached  will  produce  a  clearing  up  of  the 
liquid,  until,  at  last,  the  addition  of  a  single  drop  causes  the  precipitate  to 
vanish.  This  final  disappearance  is  most  distinct,  and  leaves  no  room  for 
doubt.  Such  u  solution  may  be  prepared  b}-"  di^«solving  20  to  25  gm.  of 
potuii^ic  cj'anide  in  a  liter  of  water,  adding  to  this  about  0*25  gm.  silver 
nitrate  previously  dissolved  in  a  little  water.  For  large  quantities  of  nickel 
the  quantit)'  of  silver  may  advantageously  be  diminished,  and  vice  c<T#rJ. 
The  value  of  the  cyanide  is  best  ascertained  in  the  manner  already 
described,  on  a  nickel  solution. 

Small  quantities  of  cobalt  do  not  seriously  aflect  the  result*!,  but 
it  must  be  remembered  that  it  will  be  estimated  with  the  nickel ; 
its  presence  is  at  once  detected  by  the  darkening  of  the  solution. 
Manganese  or  co])per  render  the  process  valueless,  so  also  does 
zinc ;  the  latter,  however,  in  alkaline  pyrophosphate  solution 
exorcises  no  influence.  In  the  presence  of  alumina,  magnesia,  or 
ferric  oxicle,  citric  acid,  tartaric  acid,  or  pyrophosphate  of  soda 
may  be  employed  to  keep  them  in  solution.  The  action  of  iron  is 
somewhat  deceptive,  as  the  solution,  once  cleared  up,  often 
becomes  troubled  again  on  .standhig  for  a  minute ;  should  this 
occur,  a  further  addition  of  cyanide  must  be  given  until  the  litjuid 
is  rendered  perfectly  limpid.  The  temperature  of  the  solution 
should  never  exceed  20'  C.  :  above  this  the  results  become 
irregular.  The  amount  of  free  ammonia  has  also  a  disturbing 
influence  ;  a  large  excess  hinders  or  entirely  prevents  the  reaction ; 
the  liquid  ■  should,  therefore,  be  only  slightly  but  very  distinctly 
alkaline.  A  word  of  caution  must  be  given  regarding  tlie  potassic 
cyanide,  as  many  of  the  reputed  pure  samjdes  are  very  far  from 
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being  80.  Tlie  most  hurtful  impurity  is,  liowever,  sulphur,  as  it 
gives  rise  to  a  darkening  of  the  solution,  owing  to  the  fonnation  of 
the  less  readily  soluble  silver  sulphide ;  to  get  rid  of  the  sulphur 
impurity  it  is  necessary  to  thoroughly  agitate  the  cyanide  liquor 
with  oxide  of  lead,  or,  what  is  far  preferable,  oxide  of  bismuth. 

As  regards  the  exactness  of  the  methods,  it  may  l)e  said,  that, 
after  a  prolonged  exi)erience,  extending  over  many  thousands  of 
estimations,  they  have  been  found  to  be  more  accurate  and  reliable 
than  either  the  electrolytic  or  gravimetric  methods,  and  when  time 
is  a  consideration  the  superiority  is  still  more  pronounced.  TIw 
employment  of  organic  acids  or  so<lic  pyrophosphate  in  the  case 
when  iron,  zinc,  etc.,  are  present,  allows  the  operator  to  dispense 
with  Ihe  tedious  separation  which  their  presence  otherwise  entails  ; 
and  this  is  a  matter  of  considerable  importance  in  the  assay  of 
nickel  mattes  or  German  silver." 


KITBOaSK   AS 

NITRATES   AND    NITBITE9. 

Nitric    Anhydride. 

X2O5=i08. 

Nitrous    Anhirdride. 

X203=76. 

Normal  acid 

X      00540  =  N2(P 

Ditto 

X      0-1011  =  KN(>'^ 

Metallic  iron 

X      0-3750  =  HNO^ 

Ditto 

X      0-6018  =  KN(V» 

Ditto 

X      0-32U  =  N'-'O^ 

§  70.  The  accurate  estimation  of  nitric  acid  in  combination 
presents  great  diflficulties,  and  can  only  be  secured  by  indirect 
means ;  the  metliods  here  given  are  sufficient  for  most  purposes. 
Very  few  of  them  can  be  saiil  to  be  simple,  but  it  is  to  be  feared 
that  no  simj^le  process  can  ever  be  obtained  for  the  determination 
of  nitric  acid  in  many  of  its  combinations. 

1.    Qay    Luasao*s    Method   modified    by  Abel  (applicable  only 

to  Alkaline  Nitrates). 

This  iirocess  depends  upon  the  conversion  of  potassic  or  sodic 
nitrates  into  carbonates  by  ignition  with  carbon,  and  tlie  titration 
of  tlie  carbonate  so  obtained  by  normal  acid.  The  number  of  c.c. 
of  normal  acid  required  multiplied  by  0*101  will  give  the  weight 
of  pure  potassic  nitrate  in  grams  ;  by  0*085,  the  weight  of  sodic 
nitrate  in  grams. 

The  best  metliod  of  procedure  is  as  follows  : — 

The  sample  is  finely  powdered  and  dried  in  an  air  bath,  and  1  gm.,  or  an 
equivalent  quantity  in  grains,  weighed,  introduced  into  a  platinum  crucible, 
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and  mixed  with  a  fourth  of  its  weight  of  pure  graphite  (prepared  by 
Brodie's  process),  and  four  times  its  weight  of  pure  iguited  sodic  chloride. 
The  crucible  is  then  covered  and  heated  moderately  for  twenty  minutes  over 
a  B  unsen's  burner,-  or  for  eight  or  ten  minutes  in  a  muffle  (the  heat  must 
not  be  so  great  as  to  volatilize  the  chloride  of  sodium  to  any  extent).  If 
sulphates  arc  present  they  will  be  reduced  to  sulphides  ;  and  as  these  would 
consume  the  normal  acid,  and  so  lead  to  false  result^,  it  is  necessary  to 
sprinkle  the  fused  mass  with  a  little  powdered  potassic  chlorate,  and  heat 
again  moderately  till  all  effervescence  has  ceased.  The  crucible  is  then  set 
aside  to  cool,  warm  wat^r  added,  the  contents  brought  upon  a  filter,  and 
washed  with  hot  water  till  the  washings  are  no  longer  alkaline.  The  filtrate 
is  then  titrated  with  normal  acid  in  the  ordinary  way. 


2.     Bstimation  of  Nitrates  by  Distillation    with  Sulphiirio  Acid. 

This  method  is  of  very  general  application,  but  particularly  so 
Avitli  the  impure  alkaline  nitrates  of  commerce.  Tlie  i)rocess  needs 
careful  manipulation,  but  yields  accurate  results. 

There  arc  two  methods  of  procedure. 

(a)  To  bring  the  weighed  nitrate  into  a  small  tubulated  retort  with 
a  cooled  mixture  of  water  and  strong  sulphuric  acid,  in  the  proportion  of  10 
c.c.  of  water  and  5  c.c.  of  sulphuric  acid  for  1  gm.  of  nitrate.  The  neck  of 
the  retort  is  drawn  out  to  a  point  and  bent  downward,  entering  a  potash  or 
other  convenient  bulb  apparatus  containing  normal  caustic  alkali.  The 
retort  is  then  buried  to  its  neck  in  the  sand-bath,  and  heated  to  170"  C. 
(338°  Fahr.)  so  long  a*?  any  liquid  distils  over ;  the  heat  must  never  exceed 
175"  C.  (347*  Fahr.),  otherwise  traces  of  sulphuric  acid  will  come  over  with 
the  nitric  acid.  The  quantity  of  acid  distilled  over  is  found  by  titrating  the 
fluid  in  the  receiver  with  normal  acid  as  usual. 

• 

(h)  Distillation  in  a  Partial  Vacuum  (Finkener). — By  tliis 
arrangement  there  is  no  danger  of  contaminating  the  distillate  witli 
sulphuric  acid,  inasmuch  as  the  operation  is  conducted  in  a  water 
bath,  and  when  once  set  going  needs  no  superintendence. 

Tlie  retort  is  the  same  as  before  described,  but  the  neck  is  not  drai\ii  out 
or  bent ;  the  stopper  of  the  tubulure  must  be  well  ground.  The  receiver  is 
a  200-c.c.  flask  with  narrow  neck,  containing  the  requisite  quantity  of  normal 
alkali  diluted  to  about  30  c.c.  The  receiver  is  bound,  air-tight,  to  the  neck 
of  the  retort  (which  should  reach  nearly  to  the  middle  of  the  flask)  by 
means  of  a  vulcanized  tube;  the  proportions  of  acid  and  water  before 
mentioned  are  introduced  into  the  retort  with  a  tube  funnel.  The  stopper 
of  the  retort  is  then  removed,  and  the  contents,  both  of  the  receiver  and 
retort,  heatM  by  spirit  or  gas  lamp  to  boiling,  so  as  to  drive  out  the  air ;  the 
weighed  nitrate  contained  in  a  small  tube  is  then  dropped  into  the  retort, 
the  8to])per  inserted,  the  lamps  removed,  and  the  retort  brought  into  the 
wat^r  bath,  while  the  receiver  is  kept  cool  with  wet  tow,  or  placed  in  cold 
water.  The  distillate  is  titrated  as  before.  1  or  2  gm.  of  saltpetre  require 
about  four  hours  for  the  completion  of  the  process. 

Finkener  obtained  very  accurate  results  by  this  method. 
When  chlorides  are  present  in  the  nitrate,  a  small  quantity  of 
moist  oxide  of  silver  is  added  to  the  mixture  before  distillation. 


g    70.  NITKATEB.  247 

3.     BatlrnKtlon  hy  coOTanioa   tsta  Ammonia   ISohulse  and 


Tlie  priiiciiile  of  this  metlKxl  ia  based  on  the  fat^t  tliat  when 
a  nitrate  is  hentet!  witli  a  strong  alkaline  sohition,  and  zinc  aildod, 


in  ovolvuJ ;  wlion  zine  alone  ir  used,  hovvcvfi',  the 
nuantity  at  ammonia  lihoratcd  is  not  a  ciinstant  nieitanre  of  tin: 
nitric  aeii I  i>ref4ont.  Vornon  Haruunrt  and  Sjpwort  appear  to 
have  arrived  imlejicndently  at  the  result  that  hy  using  a  niixtTiii! 
of  zinc  and  iron  the  rt-artion  was  perfei-t  (/.  C.  H.  1^02,  381  ;  An. 
Ch",,!.  II.  I'hai:  cxxv.  '.'93). 

A  i:(invi!nient  form  of  iijijiaratiis  in  shown  in  Hg.  44. 

Ilic  ilistillin;;  Dusk  holdi  nbtnit  20U  c.i-.,  and  \*  cln^ly  coimci^trd  by  a  beat 
tube  with  niinlliiT  HinalliT  fluvk,  in  mui'Ii  u  miiiiier  that  both  amy  be  planed 
iiblicjucly  ii|>on  n  lund-balh,  tbe  bulb  of  llic  mnallcr  tkiiik  cominK  j.iixt  uiiilcr 
Ibo  neuk  xt  Ibe  lsrt{pr.  The  obliiiic  diroctioii  iirevents  thfl  sjiirlidx  of  the 
IwilioK  liiguids  from  cntcriuj;  the  «xit  tiibm,  but  tin  a  furllier  procaution. 
(Iicse  bittt-rnre  inliatli  flwikBtunini  into  the  Conn  of  u  liooki  frcim  thcMi^ond 
llBBk.Hbii'b  miii'tbcsoiiiowhatnido  in  tbcmnuth,  a  liiiiif  tube  piKwes  throuj^h 
aLtebitt's  coiiilrnHCr  (wiiivh  uiny  bo  mode  of  wide  (;1uhk  tube)  into  an 
ordinary  tububtctl  receiver.  i^unlaiiiiiiK  normal  iiulphuric;  ncUl  I'olonnHl  with 
■II  iiidioHtor.  Tbo  end  of  llic  dLitilliu);  tulw  reachex  tci  about  the  middle  o\ 
the  rnf-ivor,  thronKl'  tbe  tubuluro  of  which  Harcuurt  ytantm  a  bulb 
appamtuit  ot  iMxrullar  form,  oontniniii);  al>o  odoured  nonani  mnd ;  iaHt«ud  of 
this  luthT,  honevi'r,  a  rbloridc  of  valoiuiii  tubp,  lillcil  with  broken  ^Ihni,  and 
moi^ltneil  uith  acid,  will  aniiwcr  the  purpoHP.  The  ilintilliiiK  tube  nhoiild  be 
eut  at  abmit  two  iiiohes  from  the  cork  of  the  Keeond  flni>k,  and  eonnoi-ted  by 
meanii  ot  a  well-fitting  vulcanized  lube ;  by  thin  meaim  walcr  may  be  )iaiwed 
ttirou;;)i  the  tulw  whiri  llie  diiitillation  in  over  w  an  to  remove  any  trnven  of 
aniiaoiiia  which  amy  lie  retained  on  iti>  KideH.  All  the  corkx  of  the  ujiparatuH 
•iliiinlil  be  soaked  in  hot  |>aratline,  m  on  to  fill  up  the  i>orci<. 

All  lieiuK  ready,  about  50  )^i.  of  finely  t'ranulated  zinc  (bent  niaile  by 
iKiariiii;  molten  line  into  a  ivann  imn  uiorULr  while  the  )ic«tlc  in  rapidly 
beini;  rubbed  round)  are  put  into  tbe  hir){er  flask  wilb  about  half  the 
■jnantity  of  dean  iron  filiiiKH  which  litvo  been  i>;nitcd  in  a  covered  crucible 
(frc"!)  iron  and  ;!inc;  dioiild  bo  UBOil  for  each  analysis) ;  the  weiKhed  nilrato 
i'  liicii  intrixlutrcd,  either  in  solution,  or  with  water  in  Huflicical  iiiiaulily  to 
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dissolve  it,  strong  solution  of  caustic  potish  added,  and  the  flank  immediately 
connected  with  the  apparatus,  and  placed  on  a  small  sand-bath,  which  can 
bo  heated  by  a  gas-burner,  a  little  water  being  previously  put  into  the 
second  fla*ik.  Convenient  projwrtions  of  material  are  i  gm.  nitre,  and 
about  25  c.c.  each  of  water,  and  solution  of  potash  of  spec.  grav.  I'ft. 
The  mixture  should  be  alloweil  to  remain  at  ordinary  temperature  for  about 
an  hour  (Eder). 

Hcjit  is  now  applied  to  that  part  of  the  sand-bath  immediat<>Iy  beneath 
the  larger  flnsk,  and  the  mixture  is  gradually  raised  to  the  boiling  point. 
"When  distillation  has  actually  commenced,  the  water  in  the  second  flask  is- 
made  to  boil  gently  ;  by  this  arningement  the  fluid  is  twice  distilled,  and  any 
tnices  of  fixed  alkali  which  may  esaipe  the  first  are  sure  to  be  retained  in  the 
second  flask.  The  distillation  with  the  quantities  above  named  will  occupy 
about  an  hour  and  a  half,  and  is  completed  when  hydrogen  is  pretty  freely 
liberated  as  the  jwta'^h  becomes  concentrated.  The  lamp  is  then  removed, 
and  the  whole  allowed  to  cool,  the  distilling  tube  rinsed  into  the  receiver, 
also  the  tube  containing  broken  glass ;  the  contents  of  the  receiver  are  then 
titrated  with  *q  caustic  potash  or  soda  as  usual. 

Eder  recommends  that  an  ordinary  retort,  with  its  beak  set  upwards 
should  be  used  instead  of  the  flask  for  holding  the  nitrate,  and  that  an 
aspirator  should  be  attached  to  the  exit  tube,  so  that  a  current  ef  air  may  be 
drawn  through  during  and  after  the  distillation. 

CliloriJes  and  sulphates  do  not  interfere  with  the  »P€uracy 
of  the  results.  Harcoiirt,  Eder,  and  many  othersy  including 
niy.self,  have  obtained  very  satisfactory  results  l)y  this  method. 

Siewert  has  suggested  a  mjixUfication  of  this  process.  The  dis- 
tilling apparatus  is  a  300 — 350  c.c.  fla.sk  with  tube  leading  to  two 
small  flasks  connected  together  sis  wash  bottles,  and  containing 
stiindard  acid.  For  1  gm.  of  nitre,  4  gm.  of  iron,  and  10  gm. 
of  zinc  filings,  with  16  gm.  of  caustic  jK»tasli,  and  100  c.c.  of 
alcoln>l  of  sp.  gr.  0*825  are  necessary.  After  digesting  for  half  an 
hour  in  the  ( old  or  in  slight  warmth,  a  stronger  heat  may  be 
applied  to  drive  out  all  the  ammonia  into  the  acid  flasks.  Finally,. 
10 — 15  c.c.  of  fresh  alcohol  are  admitted  to  the  distilling  flask, 
and  distilled  off  to  drive  over  the  last  traces  of  ammonia,  and  the 
acid  solution  then  titrated  residualiv  as  usual.  Tlie  alcohol  i» 
used  to  prevent  bumping,  but  this  is  also  avoided  in  the  original 
process  by  adopting  the  current  of  air  recommended  by  Eder. 

The  copper-zinc  couple  devised  by  Gladstone  Jind  Tribe  has 
been  used  by  Thorp  for  the  reduction  of  nitrates  and  nitrites 
occurring  in  water  residues,  etc.  (J,  C,  S.  1873,  545).  The 
resulting  ammonia  is  distilled  into  weak  hydrochloric  acid,  and  an 
aliquot  portion  then  Xesslerized  in  the  usual  wav. 

M.  W.  Williams  (J.  C.  S,  1881,  100)  has  shown  that  this 
reduction,  in  the  case  of  small  (piantities  of  nitric  or  nitrous  acids^ 
may  be  carried  on  by  mere  digestion  with  a  i»roperly  arranged. 
couple  at  oitUnary  temperatures,  and  may  safely  be  hastened  by 
increasing  the  temperature  to  abt)Ut  '2o  C.  in  the  presence  of 
certain  saline  or  acid  sul>stances ;  alkaline  substances,  on  the 
cimtrarv,  retard  the  action.  Tlie  details  are  further  described  in 
Part  Vi. 
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4.    By  Oxidation  of  Ferrous  Salts  (Pelouze).     Not  available  in  the 

presence  of  Orffanio  Matter. 

The  principle  upon  which  this  well-known  i»roce=is  Is  based 
is  as  follows  : — 

(a)  When  a  nitrate  is  brought  into  contact  with  a  solution  of 
ferrous  oxide,  mixed  with  free  hydrochloric  acid,  and  heate<l,  part 
of  the  oxygen  contained  in  the  nitric  acid  passes  over  to  the  iron> 
forming  a  persalt,  while  the  base  combines  with  hydrochloric  aci<l^ 
and  nitric  oxide  (NO-)  is  set  free.  3  e([.  iron=  168  are  oxidized 
by  1  eq.  nitric  acid^63.  If,  therefore,  a  weighed  quantity  of  the 
nitrate  be  mixed  with  an  acid  solution  of  ferrous  chloride  or 
8uli)hate  of  known  strength,  in  excess,  and  the  solution  boiled,  to 
expel  the  liberated  nitric  oxide,  then  the  amount  of  unoxidized 
iron  ri'maining  in  the  mixture  found  by  a  suitable  method  of 
titration,  tlie  quantity  of  iron  converte<l  from  ferrous  into  ferric 
oxide  will  be  the  measure  of  the  original  nitric  acid  in  the  propor- 
tion of  16S  to  63  ;  or  by  dividing  63  by  168,  the  factor  0*375  is 
obtained,  so  that  if  the  amount  of  iron  changed  as  described  be 
multiplied  by  this  factor,  the  protluct  will  be  the  amount  of  nitric 
acid  present. 

This  method,  though  theoretically  j)erfect,  is  in  practice  liable  to 
serious  errors,  owing  to  the  readiness  with  which  a  solution  of 
ferrous  oxide  al)sorbs  oxygen  fnmi  the  atmosphere.  On  this 
account  accurate  results  are  only  obtained  by  conducting  hydrogen 
or  carbonic  acid  gas  through  the  apparatus  while  the  boiling  is 
carried  on.  This  modification  has  bften  adopted  by  Fresenius 
with  very  satisfactory  results. 

The  boiling  vessel  inriy  consist  of  a  small  tubulated  retort,  supported 
in  such  a  manner  that  its  neck  inclines  upward :  a  cork  is  fitted  into  tho 
tuhulure,  and  through  it  is  ]>a8sed  a  small  tube  connected  witli  a  vessel  for 
jfenenitin^'  either  carbonic  acid  or  hydro^jen.  If  a  wei^chcd  (juantity  of  pure 
metallic  iron  is  used  for  preparing  the  solution,  the  washed  carbonic  acid  or 
hydrogen  should  be  passed  throujj^h  the  appanitus  while  it  is  bein^  dissolved  ; 
the  solution  so  obtained,  or  one  of  double  sulphate  of  iron  and  ammonia  of 
known  strength,  l>einjf  already  in  the  retort,  the  nitrate  is  carefully  introduced, 
and  the  mixture  heated  gently  by  a  small  lamp,  or  by  the  water  bath,  for  ten 
minutes  or  so,  then  boiled  until  the  dark-red  colour  of  the  liquid  disap]K>ars, 
and  ^ivcs  place  to  the  brownish-yellow  of  ferric  comj)ound8.  The  retort  is 
then  sufFere<l  to  rool,  the  current  of  c»arbonic  acid  or  hydrogen  still  beinjf 
kept  up,  then  the  liquid  diluted  freely,  and  titrated  with  /^  permanganate. 

(i)wing  to  the  irregularities  attending  the  use  of  permanganate 
with  hydrochloric  acid,  it  is  preferable,  in  case  this  acid  has  been 
used,  to  dilute  the  solution  less,  and  titrate  with  bichromate.  Two 
grams  of  pure  iron,  or  its  e<|uivalent  in  double  iron  salt,  0*5  gm. 
of  saltpetre,  and  about  60  c.c.  of  strong  hydrochloric  acid,  are 
convenient  proportions  for  the  analysis. 

Eder  {Z.  a.  C.  xvi.  267)  has  moilified  Fresenius*  improve- 
ments as  ifollows : — 
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1'5  gm.  of  very  tbiu  iron  wire  is  dissolved  in  30  to  40  c.c.  of  pure  fuming 
hydrochloric  acid,  placed  in  a  retort  of  about  200  c.c.  capacity ;  the  beak  of 
the  retort  points  upwards,  at  a  moderately  acute  angle,  and  is  connected  with 
a  U-tube,  which  contains  water.  Solution  of  the  iron  is  hastened  by  apply- 
ing a  small  flame  to  the  retort.  Throughout  the  entire  process  a  stream  of 
CO^  is  passed  through  the  apparatus.  When  the  iron  is  all  dissolved  the 
solution  is  allowed  to  cool,  the  stream  of  CO^  being  maintained ;  the  weighed 
quantity  of  nitrate  contained  in  a  small  glass  tube  (equal  to  about  0*2  gm. 
HNO^)  is  then  quickly  passed  into  the  retort  through  the  neck ;  the  heatin;; 
is  continuofl  under  the  same  conditions  as  before,  until  the  liquid  assumes 
the  colour  of  ferric  chloride.  The  whole  is  allowed  to  cool  in  a  stream  of 
CO^ ;  water  is  added  in  quantity,  and  the  unoxidized  iron  is  determined  by 
titration  with  permanganate.    The  results  are  exceedingly  good. 

If  the  CO-  be  generated  in  a  flask,  with  a  tube  passing  down- 
wards for  the  reception  of  the  acid,  air  always  finds  its  way  into  the 
retort,  and  the  results  are  unsatisfactory.  Eder  recommends  the 
use  of  Kipp's  CO^  apparatus.  By  carrying  out  the  operation 
exactly  as  is  now  to  be  described,  he  has  obtained  very  good  results 
with  ferrous  sulphate  in  place  of  chloride. 

The  same  apparatus  is  emploj'ed ;  the  tube  through  which  CO-  enters  the 
retort  passes  to  the  bottom  of  the  liquid  therein,  and  the  lower  extremity  of 
this  tube  is  drawn  out  to  a  fine  point.  The  bubbles  of  CO'^  are  thus  reduced 
in  size,  and  the  whole  of  the  nitric  acid  is  removed  from  the  liquid  by  the 
passage  of  these  bubbles.  The  iron  wire  is  dissolved  in  excess  of  dilute 
sulphuric  acid  (strength  1  :  8  or  1  :  4).  AVhen  the  liquid  in  the  retort  has 
become  cold,  a  small  tube  containing  the  nitrate  is  quickly  passed,  by  means 
of  a  piece  of  i)latinum  wire  attached  to  it,  through  the  tubulus  of  the  retort, 
and  the  cork  is  replaced  before  the  tube  has  touched  the  liquid ;  CO'^  is  again 
passed  through  the  apparatus  foi'some  time,  after  which,  by  slightly  loosening 
the  cork,  the  tube  containing  the  nitrate  is  allowed  to  fall  into  the  liquid. 
The  whole  is  allowed  to  remain  at  the  ordinary  temperature  for  about  an 
hour— this  is  essential— after  which  time  the  contents  of  the  retort  are  heated 
to  boiling,  CO*  being  passed  continuously  into  the  retort,  and  the  boiling 
continued  till  the  liquid  assumes  the  light  yellow  colour  of  ferric  sulphate. 
After  cooling,  water  is  added  (this  may  be  omitted  with  bichromate),  and  the 
unoxidized  iron  is  determined  by  permanganate. 

Eder  also  describes  a  slight  modification  of  this  process,  allowing 
of  the  use  of  a  flask  in  place  of  the  retort,  and  of  ammonio-ferrous 
sulphate  in  place  of  iron  wire.  ^U though  the  titration  with  per- 
manganate is  more  trustworthy  when  sulphuric  acid  is  employed 
than  when  hydrochloric  acid  is  used,  he  nevertheless  thinks  that  the 
use  of  ferrous  cliloride  is  generally  to  be  recommended  in  preference 
to  that  of  ferrous  sulphate.  When  the  chloride  is  employed,  no 
special  concentration  of  acid  is  necessary ;  the  nitric  oxide  is  more 
readily  expelled  from  the  li([uid,  and  tlie  process  is  finished  in 
a  shorter  time. 

The  final  point  in  the  titration  with  permanganate,  when  the 
sulphate  is  employed,  is  rendered  more  easy  of  determination  by 
addijig  a  little  potassic  sulphate  to  the  liquid. 

(h)     Direct  titration  of  the  resulting'  Ferric   salt  by  Stajinous 
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Chloride. — Freftcniiis  has  atlopted  the  use  of  stiinnous  chloride  for 
titrating  the  ferric  salt  with  very  goixl  results. 

The  following  j)lan  of  proreiliire  is  reconimondod  hy  the  .same 
authority. 

A  solution  of  ferrous  sulphato  is  prepared  bj'  dissolvinvr  100  gni.  of  the 
'•rystals  in  SOO  c.c.  of  hydrochloric  acid  of  spec.  ^crav.  I'lO;  when  uwkI  for 
tlie  analysis,  the  small  proportion  of  ferric  oxide  invariably  present  in  it 
is  found  by  titralinj^  with  stannous  chloride.  The  nitrate  bein^  weighed 
or  mc:isure<i,  is  brought  toother  with  50  c.c.  (more  or  \c<^,  ac(M»rding  to  the 
quantity  of  nitnite)  of  the  iron  solution  into  a  long-necke<l  flask,  throu^'li 
the  cork  of  winch  two  glass  tul)es  are  pa*sc<l,  one  connected  with  a  CO^ 
apparatus,  and  rea(*hin^  to  the  middle  of  tne  flask,  the  other  simply  an  outlet 
for  the  pas?a;fe  of  the  >fas.  When  the  j^is  has  driven  out  all  the  air,  tlie  flask 
is  at  lirst  ^'cntly  heatcrd,  and  eventually  boilfd,  to  disj>cl  all  the  nitrU*  oxide. 
The  C(>^  tube  is  then  rinse<l  into  the  fljwk,  and  the  liquid,  while  still  iKuling 
hot,  titrate<l  for  ferric  chloride,  as  in  §  G-1.1. 

The  li<|uitl  must,  however,  be  suffered  to  cool  before  titrating 
with  iodine  for  the  excess  of  stannous  cldoridc*.  AVhile  cooling, 
the  stream  of  CO-  should  still  be  continued.  The  <|uantity  of  iron 
<*hanged  int^)  peroxide,  nuiltiplied  by  tlie  factor  0375,  will  give  the 
amount  of  nitri<'  acid. 

Example:  (1)  A  solution  of  stjinnous  rhloride  was  uschI  for  titnitinj^ 
lo  c.c.  of  solutitm  of  jMire  ferric  (•hIori<le  containing  0*21 5075  gm.  Ft». 
25't)5  c.c.  of  tiu  solution  were  ro<|uire<l,  therefore  that  qiiantiiv  was  equal 
to  0<)807  gm.  of  IIN(>»,  or  0()6iM»l  ^nn.  of  N-(>\ 

(2)  50  c.c.  of  acid  ferrous  sulphat;.'  were  titrated  with  tin  solution  for 
ferric  oxide,  an«l  024  c.e.  was  re<iuire<l. 

(3)  1  e.e,  tin  solution— .T.*)  c.c.  iodine  solution. 

(4)  (r2l77  icm.  of  pure  nitre  was  boiled,  as  describe*!,  with  50  c.c.  of  the 
acid  ferrous  sulphate,  and  re<|uired  450Ji  c.c.  tin  sohition,  and  47  <".<•.  i<uline  — 

4*7  c.c.  imline  solutitm  --  ri2  c.<'.  Sn(.'l- 

The  |K»roxi(ie  in  the  jirotosulphate  solution— 0'24  <*.c. 

vm 

4j(W  -lO<J-4,r37,  therefor*?  2505  :  OOCJDl 31  =41^37  :  r,  011(H)  N-()^ 
instead  of  0'll<i3,  or  53'Hi)  per  cent,  instead  of  53*41.  A  mean  of  thi.s,  \\\{\\ 
three  other  estimations,  usin;;  variable  ]>ro])ortions  of  tin  and  iron  solutions, 
^'sivo  exactly  5:V41  i>er  cent.  The  jin)cess  is  therefort^  entirely  satisfactory  in 
the  eju»e  of  pure  materials. 

The  above  process  is  slightly  nnxlified  by  Eder.  About  10  gm. 
of  ammonio-ferrous  sulphate  an;  dissolved  in  a  lia.sk,  in  about  50  c.c. 
of  hydrochloric  acid  (sj).  gr.  1*07)  in  a  stream  of  C(.)-.  The  lube 
through  which  the  CO- enters  is  drawn  to  a  point;  an  exit-tube, 
somewhat  trumpet-shaped,  to  admit  of  any  liquid  that  may  spii-t 
finding  its  way  back  into  the  fhisk  passes  downwards  int<)  M'ater. 
After  sr)lutioii  of  the  double  siilt,  the  nitrate  is  dr()i)ped  in  with 
the  precautions  alrea<ly  detailed,  and  the  liquid  is  boiled  until  the 
nitrii'  oxide  is  all  exiwlled.  The  hot  li<[uid  is  diluted  with  twice 
its  own  volume  of  water,  excess  of  stiuidartl  stannous  chloride 
solution  is  run  in,  the  whole  is  allowed  to  cool  in  a  stream  of  C(J-, 
and  the  excess  of  tin  is  det<;rmined  by  means  of  stiuidard  iodine. 
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(c)  Holland's  Modifloation  of  the 
Felouze  Process. — Tlio  arrangement  of 
apparatus  shown  in  fig.  45  obviates  the 
use  of  an  atmosphere  of  H  or  CO^.  a  is 
a  long-necked  assay  flask  ilrawn  off  at  b,  so 
as  to  form  a  shoulder,  over  which  is  passed 
a  piece  of  stout  pure  india-rubber  tube,  d^ 
about  6  centimeters  long,  the  other  end 
terminating  in  a  glass  tube,  f,  drawn  off 
so  as  to  leave  only  a  small  orifice.  On 
the  elastic  connector  d  is  placed  a  screw 
clamp.  At  c,  a  distance  of  3  centimeters 
from  the  shoulder,  is  cemented  witli 
a  blow-pipe  a  piece  of  glass  tube  about 
2  centimeters  long,  surmounted  by  one  of  stout  elastic  tube  rather 
more  than  twice  that  length.  The  elastic  tubes  must  be  securely 
attached  to  the  glass  by  binding  with  wire.  After  binding,  it  is  as 
well  to  turn  the  end  of  the  conductor  back,  and  smear  the  inner 
surface  with  fused  caoutchouc,  and  then  replace  it  to  render  the 
joint  air-tight. 

Process :  A  small  fiumel  is  inserted  into  the  elastic  tube  at  c,  the  clamp 
at  D  bcin"^  for  the  time  open ;  after  the  introduction  of  the  solution, 
followed  by  a  little  water  which  washes  all  into  the  flask,  the  funnel  is 
removed,  and  the  flask  supported  by  means  of  the  wooden  clamp,  in  the 
inclined  position  it  occupies  in  the  fip^urc.  The  contents  are  now  made  to 
boil  so  as  to  exx)el  all  air  and  reduce  the  volume  of  the  fluid  to  about  4  or 
5  c.c.  When  this  point  is  reached  a  piece  of  glass  rod  is  inserted  iuto  the 
elastic  tube  at  c,  which  causes  the  water  vapour  to  escape  throujjh  F. 

Into  the  small  beaker  is  put  about  50  c.c.  of  a  previously  boiled  solution  of 
ferrous  sulphate  in  hydrochloric  acid  (the  amount  of  iron  already  existing 
as  persalt  must  be  known). 

The  boiling  is  still  continued  for  a  moment  to  ensure  perfect  expulsion  of 
air  frrtm  F,  the  lamp  is  then  removed,  and  the  caoutchouc  connector  slightly 
compressed  with  the  first  finger  and  thumb  of  the  left  hand.  As  the  flask 
cools  the  solution  of  iron  is  drawn  into  it ;  when  the  whole  has  nearly  receded 
the  elastic  tube  is  tightly  compressed  with  the  finj^ers,  whilst  the  sides  of  the 
beaker  are  washed  with  a  jet  of  boiled  water,  which  is  also  allowed  to  pass 
iuto  the  flask.  The  washing  may  be  repeated,  taking  care  not  to  dilute  more 
than  is  necessary  or  admit  air.  Whilst  F  is  still  full  of  water,  the  elastic 
connector  previously  compressed  with  the  fingers  is  now  securely  closed  with 
the  clamp,  the  screw  of  which  is  worked  with  the  right  hand.  Provided 
the  clamp  is  a  good  one,  F  will  remain  full  of  water  durinj^  the  subsequent 
digestion  of  the  flask. 

After  heating  in  a  water  bath  at  100'  for  half  an  hour,  the  flask  is  removed 
from  the  water  bath  and  cautiously  heated  with  a  small  flame,  the  fingers  at 
the  same  time  resting  on  the  elastic  connector  at  the  point  nearest  the 
shoulder;  as  soon  as  the  tube  is  felt  to  expand,  owing  to  the  pressure  from 
within,  the  lamp  is  removed  and  the  screw  clamp  released,  the  fingers  main- 
taining? a  secure  hold  of  the  tube,  the  gas-flame  is  again  replaced,  and  when 
the  pressure  on  the  tube  is  again  felt,  this  latter  is  released  altogether,  thus 
admitting  of  the  escape  of  the  nitric  oxide  through  F,  which  should  be 
below  the  surface  of  water  in  the  beaker  whilst  these  manipulations  are 
performed.    The  contents  of  the  flask  are  now  boiled  until  the  nitric  oxide 
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i<  Piilirvly  cxpllisl,  mill  tliu  wiliilion  uf  inin  bIiokb  uiily  thi-  bnin  ii  i-olour  ut 
Uic  iHtrciiloride.  Al  Iho  (.■omplntiou  of  the  operation  the  lieuhi^r  ia  tint 
mniovnl,  and  then  the- lamp. 

It  luiH'  Hilly  niinninx  tu  trnimfer  Iho  feirli*  Hilution  tu  a  mitahk  vt»M)1,|[id 
<leU'ntiiii(^  the  perobloridc  with  >|jinii<iU!i  rbloriilo  w  in  i. 

A  menn  of  six  expprimonU  for  Ihn  ]>erc:entago  ilotenuinatioii  of 
SK)^  ill  pirri*  iiitro  gnve  S3'53  [let  ceut.  insttMiJ  of  f)3'41.  Thi> 
Itrotws  is  easy  of  oxecutiun,  ttiid  give*  witisfautorj  resuJte.  The 
|H<int  I'bit^ily  rG((iiiriiig  attentiuii  ig  llmt  tlir  A|j|itinitUB  NlimiM  be 
air-ti(;ht,  wliith   ia  seriireil   Ijy   llu-  usd  o(  i;o<iJ   (■Itislic  lulifS  ninl 


6.    Sohloalnc'B   MetltoCt   (k'ntlUbla   in  the   ] 

■■■tter). 

Tlir  si.lnli..u  .-.f  iiilintc  i«  btnilcil  in  a  tlusk  lill  all  air  in  v\\<e\M, 
tlii'ti  iiii  ii(^i<l  »'iliitioti  of  ferroua  dilotidu  ilrawti  in.  the  luixUin- 
Ijoilcil,  anil  tlir.  nitric  oxide  js\»  fulleclod  over  mercury  In  n  bidluoii 
filled  with  mercury  mid  milk  of  limL-;  tin;  giiB  is  lln-n  tiroughl, 

without  loft«,  in  i-ontiict  with  ".vjgi'n  mid  wiilrr,  »•>  iia  lii  (^onvurt  it 
ii;;iiiu  iiii>i  iiitrii;  liL-id,  thi;ii  titnitcd  wilh  ,'J,  iilkali  iis  tisuid. 


25-i  VOLUMETRIC   ANALYSIS.  §    70. 

the  direct  titration  of  the  iron  solution.  Where  the  quantity  of 
nitric  acid  is  not  below  0*15  gni.  the  process  is  fairly  accurate,  but 
needs  a  special  and  rather  conii)licated  arrangement  of  apparatus, 
the  description  of  which  may  be  found  in  the  original  paper  in 
AmmL  de  Chim.  [3]  xl.  479,  or  in  Fresenius*  Quant,  Anal,,  sixtli 
edition. 

An  arrangement  of  apparatus,  dispensing  with  the  use  of  mercury, 
has  been  devised  by  "VVildt  and  Scheibe  (Z.  a.  C.  xxiii.  151), 
which  simplifies  the  analysis  and  gives  accurate  results  with  not 
less  than  0*25  gm.  K-O^  With  smaller  quantities  the  results  are 
too  low.     Fig.  46  shows  the  apparatus  used. 

A  is  an  Erlenmeyer's  flask  of  250  c.c.  capacity,  containing 
the  solution  to  h^  analyzed.  B  is  a  round-bottomed  flask  of 
250 — 300  c.c.  capacity,  half  filled  with  caustic  soda,  to  absorb  any 
IICI  which  might  be  earned  over  from  A.  C  is  an  Erlenmeyer's 
flask  of  750  c.c.  capacity,  containing  a  little  w\iter  to  absorb  the 
nitric  acid.  I)  is  a  tube,  containing  water  to  collect  any  nitric 
acid  not  absorbed  by  the  water  in  C.  The  tube  d  is  bent,  as  shown 
in  the  diagram,  and  drawn  out  to  a  point,  to  diminish  the  size  of 
the  bubbles.  The  tube  e  is  wide,  and  cut  obliquely  to  prevent 
water  collecting  and  passing  into  C. 

Process :  The  clip  h  is  closed  and  c  opened,  and  the  tube  e  disconnected 
from  /.  The  solutions  in  A  and  B  are  then  boiled  for  20  minutes  to  remove 
^  all  ox)';jren.  The  tubes  e  and/ are  ajs^ain  connected,  the  clip  c  is  closed,  the 
flame  under  B  increased  to  prevent  the  liquid  in  C  from  beinj^  drawn 
back,  and  the  clip  b  is  oi)ene<l.  As  soon  as  steam  issues  from  the  tube  a,  it 
is  dipped  into  a  conical  glass  containing  50  c.c.  of  ferrous  chloride  prepared 
according  to  Schlosing's  directions,  and  the  flume  under  .v  is  removed, 
when  the  ferrous  chloride  enters  the  flask.  The  clip  h  is  reirulated  with  the 
finger  and  thumb,  so  as  to  prevent  the  cntrN'  of  air  into  the  flask.  The 
conical  vessel  is  rinsed  two  or  three  times  with  water,  and  this  is  allowed 
to  enter  the  flask,  and  the  cHp  b  is  then  closed,  and  the  vessel  A  heated. 
The  liquid  in  A  turns  brown  in  a  short  time,  and  nitric  acid  is  evolved. 
The  clip  c  is  opened  sli;,'htly  from  time  to  time  until  the  pressure  is  high 
enough,  when  it  is  oj>ened  entirely.  The  flames  must  be  regulated  so  that 
a  slow  current  of  gis  bubbles  through  the  water  in  C.  The  hydrochloric 
acid  is  removed  by  the  caustic  soda  in  B,  and  the  nitri<'  oxide  on  coming 
in  contact  with  the  air  in  C  is  oxidized,  and  the  nitric  acid  absorbed  by 
the  water.  In  case  the  current  of  gas  is  too  rapid,  the  escaping  nitric 
acid  is  absorbed  in  D.  After  an  hour  the  tubes  e  and  /  are  disconnected, 
while  the  solutions  in  A  and  B  are  still  boiKng,  and  the  nitric  acid  is 
titrated  with  dilute  caustic  soda  (about  i  normal).  The  vesFel  C  must 
be  well  cooled  during  the  whole  ex|)eriment,  which  occupies  about  an 
hour  and  a  half. 

(rood  results  were  obtained  with  nitrates  of  potash  and  smla, 
])oth  alone  and  mixed  with  ammonium  sulphate,  superphosphate, 
and  amido  compound.s.  With  super})hosphate  the  solution  shouhl 
be  mad(»  slightly  alkaline,  to  prevent  the  liberation  of  nitric  aci<l. 

"Warington  (./.  C.  S.  1880,  468)  has  made  a  series  of  experi- 
ments on  the  original  Schliising  process,  for  the  i)urj)ose  of 
testing  its  accuracy,  when  small  quantities  of  nitric  acid  have  to  be 
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determined  in  the  i)re8en(!e  of  organic  substimces,  8uch  for  insttinoe 
as  in  soils,  the  sap  of  beet-root,  etc. ;  but  instead  of  converting  tlie 
nitric  oxide  back  into  nitric  acid  as  in  the  original  method,  he 
collected  the  gas  either  over  caustic  soda  as  recommended  by 
Reichardt,  or  over  mercury,  and  ascertained  its  amount  by 
measurement  in  Frankland's  gas  apparatus.  The  results  obtained 
by  Warington  plainly  showed  that  even  on  the  most  favourable 
circumstances  the  method  as  usually  worked  in  Germany,  either  ])y 
the  alkalimetric  titration  or  by  measurement  of  the  gas,  invariably 
gave  results  much  too  low,  especially  if  the  quantity  of  nitrate 
operated  on  was  small,  say  5  or  C  centigrams  of  nitre ;  moreover, 
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when  sugar  or  similar  organic  substance  was  present  th(»  resulting 
gjis  was  very  impure,  and  the  distillates  were  highly  coloured  from 
the  presence  of  some  volatile  produc^ts.  The  nitric  oxide  also 
suffered  considerable  diminution  of  volume,  when  left  for  any  time 
in  contact  with  the  distillate,  esi)ecially  when  over  caustic  soda. 
This  being  tlie  case,  the  following  modification  originally  recom- 
mended by  Schlosing  was  adopted,  in  which  CO-  was  employed, 
both  to  iissist  in  ex^Kjlling  the  air  from  the  a[)paratus,  and  to  chase 
out  the  nitric  oxide  produced. 

The  form  of  apparatus  adopted  by  Warington   is  shown  in 
fig.  47.     The  vessel  in  which  the  reaction  takes  place  is  a  small 
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tubulated  receiver,  the  tubulure  of  wliicli  has  been  bent  near  its 
extremity  to  make  a  convenient  junction  with  the  delivery  tube, 
which  dips  into  a  trough  of  mercury  on  the  left.  The  long  supply 
ttibe  attached  to  the  receiver  is  of  small  bore,  and  is  easily  filled  by 
a  ^  c.c.  of  lic^uid.  The  short  tube  to  the  right  is  also  of  small  bore, 
and  is  connected  by  a  caoutchouc  tube  and  clamp  with  an  apparatus 
for  the  continuous  productioii  of  carbonic  acid. 

In  using  this  a])paratus  the  supply  tube  is  first  filled  with 
strong  HCl,  and  C(  )*^  is  passed  through  the  apparatus  till  a  portion 
of  the  gas  collected  in  a  jar  over  mercury  is  found  to  be  entirely 
absorbed  by  caustic  potash.  The  current  of  gas  is  then  stopped 
by  closing  the  clamp  to  the  right.  A  chloride  of  calcium  bath  at 
140"  is  next  brought  under  the  receiver,  Mdiich  is  immersed  one- 
half  or  more  in  the  hot  fluid ;  the  temperature  of  the  bath  is 
maintained  throughout  the  operation  by  a  gas  burner  j^Iaced  beneath 
it.  By  allowing  a  few  drops  of  HCl  to  enter  the  hot  receiver,  the 
CO-  it  contains  is  almost  entirely  expelled.  A  jar  filled  with 
mercury  is  then  placed  over  the  end  of  the  delivery  tul>e,  and  all 
is  ready  for  the  commencement  of  a  determination. 

The  nitrate,  which  should  be  in  the  form  of  a  dry  residue  in 
a  small  beaker  or  basin,  is  dissolved  in  about  2  c.c*  of  strong 
ferrous  chloride  solution,  1  c.c.  of  strong  HCl  is  added,  and  the 
whole  is  then  introduced  into  the  receiver  through  the  supply  tube, 
being  followed  by  successive  rinsings  with  HCl,  each  rinsing  not 
•exceeding  a  |  c.c,  as  the  object  is  to  introduce  as  small  a  bulk  of 
licjuid  as  possible.  The  contents  of  the  receiver  are  in  a  few 
minutes  boiled  to  dryness ;  a  little  CO^  is  admitted  before  dryness 
is  reached,  and  again  afterwards  to  drive  over  all  remains  of  nitric 
oxide.  If  the  gas  will  not  be  analyzed  till  next  day,  it  is  advisable 
to  use  more  CO'-,  so  as  to  leave  the  nitric  oxide  diluted  with  several 
times  its  volume  of  that  gas.  As  soon  as  one  operation  is  concluded 
the  apparatus  is  ready  for  another  charge. 

This  mode  of  working  presents  the  following  advantages  : — 

(1)  The  volume  of  li<iuid  introduced  into  the  apparatus  is  much 
diminished,  and  with  this  of  course  the  amount  of  dissolved  air 
contributed  from  this  source. 

(2)  By  evaporation  to  dryness  a  complete  reaction  of  the  nitrate 
and  ferrous  chloride,  and  a  perfect  expidsion  of  the  nitric  oxide 
formed,  is  as  far  as  possible  attained. 

(3)  The  nitric  oxide  in  the  collecting  jar  is  left  in  contact  with 
41  much  smaller  volume  of  acid  distillate,  and  its  liability  to 
absorption  is  gn'.atly  diminished  by  its  dilution  with  CO-. 

The  results  obtained  with  this  apparatus  by  Waring  ton  on 
small  quantities  of  nitre  alone,  and  mixed  with  variable  (quantities 

•Supposinjf  tLe  ferrous  chloride  to  contain  2  gin.  of  iron  per  10  c.c,  then  1  c.c.  of 
the  solution  will  Ix;  neiirly  equivalent  to  0*12  gin.  of  nitre,  or  0*016C  gm.  of  nitrogen. 
A  considerable  excess  of  iron  should,  however,  always  be  used. 
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of  amnionic  salts  and  organic  substances  including  sugar,  showed 
a  marked  imi)rovement  upon  the  methotl  as  usually  carried  out. 

A  further  improvement  has  been  made  in  this  method  by 
AVarington  {«/.  C.  S,  1882,  345),  and  described  by  him  as 
follows : — 

The  apparatus  now  employed  is  quite  similar  to  that  shown  in  fi^.  47,  with 
the  only  ditTerence  that  the  hulb  retort  in  which  the  reaction  takes  place  Is 
now  only  IJ  inch  in  diameter,  thus  more  exactly  resembling  the  form 
employed  by  Schl5sin|<.  A  bulb  of  this  size  is  sufficient  for  the  analysis 
of  soil  extracts;  for  determinations  of  nitrates  in  ve>(etable  extracts  a  lar^cer 
bulb  is  required. 

The  chief  improvement  consists  in  the  use  of  CO-  as  free  as  jwssible  from 
oxy^'on.  The  <renenitor  is  fonned  of  two  vessels.  The  lower  one  consists  of 
a  bottle  with  a  tubulure  in  the  side  near  the  bottom ;  this  bottle  is  8uj>ported 
in  an  inverted  i>osition,  and  contains  the  marble  from  which  the  ^as  is 
generated.  The  upper  vessel  consists  of  a  similar  bottle  standing  ui)ri>,'ht ; 
this  contains  the  HCl  required  to  act  on  the  marble.  The  two  vessels  are 
connected  by  a  j^lass  tube  j)a8sinj<  from  the  side  tubulure  of  the  upi>er  vessel 
to  the  inverted  mouth  of  the  lower  vessel;  the  acid  from  the  ui)j)er  vessel 
thus  enters  below  the  marble.  CO'  is  Kcueratetl  an<i  removed  at  i»leasure  by 
opening  a  st<)]»-cock  attached  to  the  side  tubulure  of  the  lower  vessel,  thus 
allowing  IICI  to  descend  and  come  in  contjict  with  the  marble.  The 
fragments  of  marble  used  have  been  previously  boiled  in  water.  The  boiling 
is  conducted  in  a  stn)ug  tlask.  After  boiling  has  proceeded  some  time, 
a  caoutchouc  stopj>er  is  fixetl  in  the  nerk  of  the  flask,  and  the  flame  remove<l ; 
boiling  will  then  continue  for  some  time  in  a  partial  vacuum.  The  lower 
reservoir  is  nearly  fille<l  with  the  boiled  marble  thus  prepared.  The  HCl 
has  been  also  well  lx)iled,  and  before  it  is  introduced  into  the  uj)per  reser\'oir 
it  has  dissolved  in  it  a  moderate  quantity  of  cujjrous  chloride.  As  soon  as 
the  arid  has  been  placed  in  the  upper  reservoir  it  is  revered  by  a  layer  of 
oil.  The  apparatus  being  thus  charged  is  at  once  set  in  active  work  b^- 
opening  the  stop-cock  of  the  marble  reservoir ;  the  acid  descends,  enters  the 
marble  reservoir,  and  the  CO-  j)roduced  drives  out  the  air  which  is  necessiirily 
present  at  starting.  As  the  acid  reservoir  is  kept  on  a  higher  level  than  the 
marble  reservoir,  the  latter  is  always  under  internal  pressure,  and  leakage  of 
air  from  without  cannot  occur. 

The  ])reseiice  of  the  cuprous  chloride  in  the  hydroi'hloric  acid  not  only 
ensures  the  removal  of  dissolved  oxygen,  but  affords  an  indication  to  the  eve 
of  the  maintenance  of  this  condition.  So  long  as  the  acid  remains  of 
an  olive  tint,  oxygen  will  be  absent ;  but  should  the  acid  become  of  a  clear 
blue-green,  it  is  no  longer  certainly  free  from  oxygen,  and  more  cuprous 
chloride  must  be  added. 

A  further  slight  imi)rovement  adopter!  consists  in  the  use  of  freshl3'-boiled 
reagents,  which  are  emploved  in  as  small  a  quantity  as  possible.  When 
boiling  the  hydrochloric  acid  it  is  well  to  add  a  few  drops  of  ferrous  chloride, 
in  order  more  certainly  to  remove  any  dissolved  oxygen. 

The  mode  of  operation  is  jis  follows  : — The  api)aratus  is  fitted  together,  the 
long  funnel  tube  attached  to  the  bulb  retort  being  filled  with  water. 
Connection  is  made  with  the  glass  stop-cock  of  the  CO-  generator  by  means 
of  a  short  stout  caoutchouc  tube,  provided  with  a  pinch-c(M*k.  The  pinch- 
cock  being  opened,  the  stop-cock  is  turned  till  a  moderate  stream  of  bubbles 
rises  in  the  mercury  trough ;  the  8toi)-co<'k  is  left  in  this  position,  and  the 
admission  (»f  gas  is  afterwards  controlled  by  the  pinch-cock,  pressure  on 
which  allows  a  few  bubbles  to  pass  at  a  time.  The  heated  chloride  of  calcium 
bath  is  next  niised,  so  that  the  bulb  retort  is  almost  submerged;  the 
temperature,  shown  by  a  thennomete'r  which  forms  part  of  the  apimratus, 
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should  be  130—140*.  By  boiling  small  quantities  of  water  or  hydrochloric 
acid  in  the  bulb  retort  in  a  stream  of  00^  the  air  present  is  expelled ;  the 
supply  of  gas  must  be  stopped  before  the  boiling  has  oeascd,  so  as  to  leave 
little  iu  the  retort.  Previous  to  very  delicate  experiments  it  is  advisable  to 
introduce  through  the  funnel  tube  a  small  quantity  of  nitre,  ferrous  chloride, 
and  hydrochloric  acid,  rinsing  the  tube  with  the  latter  reagent ;  any  trace  of 
oxygen  remaining  in  the  apparatus  is  then  consumed  by  the  nitric  oxide 
formed,  and  after  boiling  to  dryness,  and  driving  out  the  nitric  oxide  with 
CO^  the  apparatus  is  in  a  i)erfect  condition  for  a  quantitative  experiment. 

Soil  extracts  may  be  u*ed  without  other  preparation  than  concentration. 
Vegetable  juices,  which  coagulate  when  heated,  require  to  be  boiled  and 
filtered,  or  else  evaporated  to  a  thin  syrup,  treated  with  alcohol  and  filtered. 
A  clear  solution  being  thus  obtained,  it  is  concentrated  over  a  water-bath  to 
the  smallest  volume,  in  a  beaker  of  smallest  size.  As  soon  as  cool,  it  is  mixed 
with  l.c.c.  of  a  cold  saturated  solution  of  ferrous  chloride  and  1  c.c.  HCl, 
both  reagents  having  been  boiled  and  cooled  immediately  before  use.  In 
mixing  with  the  reagents  care  must  be  taken  that  bubbles  of  air  are  not 
entangled ;  this  is  especially  apt  to  occur  with  viscid  extracts.  The  quantity 
of  ferrous  chloride  mentioned  is  amply  sufficient  for  most  soil  extracts,  but 
it  is  well  perhaps  to  use  2  c.c.  in  the  first  experiment  of  a  series;  the 
presence  of  a  considerable  excess  of  ferrous  chloride  in  the  retort  is  thus 
ensured.  With  bulky  vegetable  extracts  more  ferrous  chloride  should  be 
employed ;  to  the  synip  from  20  gm.  of  mangel  sap  should  be  added  5  ex. 
of  ferrous  chloride,  and  2  c.c.  of  hydrochloric  acid. 

The  mixture  of  the  extract  with  ferrous  chloride  and  HCl  is  introduced 
through  the  funnel  tube,  and  rinsed  in  with  three  or  four  successive  i  c.c. 
of  HCl.  The  contents  of  the  retort  are  then  boiled  to  dryness,  a  little  CO^ 
being  from  time  to  time  admitted,  and  a  more  considerable  quantity  used  at 
the  end  to  expel  any  remaining  nitric  oxide.  The  most  convenient  tem- 
perature is  140*,  but  in  the  case  of  vegetable  extracts  it  is  well  to  commence 
at  130^  as  there  is  some  risk  of  the  contents  of  the  retort  frothing  over. 
The  gas  ib  collected  in  a  small  jar  over  mercury.  As  soon  as  one  oi)eration 
is  completed,  the  jar  is  replaced  by  another  full  of  mercury,  and  the 
apparatus  is  ready  to  receive  a  fresh  extract.  A  series  of  five  determinations, 
with  all  the  accompanying  gas  analyses,  may  be  readily  performed  in  one 
day.  The  bulb  retort  becomes  encrusted  with  charcoal  when  extracts  rich 
in  organic  matter  are  the  subject  of  analysis ;  it  is  best  cleaned  first  with 
water,  and  then  by  heating  oil  of  vitriol  in  it. 

Mercury-,  contrary  to  the  statement  in  most  text-books,  is  gradually 
attacked  by  hydrochloric  acid  in  the  presence  of  air ;  the  mercury  in  the 
trough  is  thus  apt  to  become  covered  with  a  grey  chloride,  and  it  is  quite 
necessary  to  keep  the  store  of  mercury  in  contact  with  sulphuric  acid  to 
preserve  its  mobile  condition. 

The  gas  analysis  is  of  a  simple  character;  the  gas  is  measured  after 
absorption  of  the  CO^  by  potash,  and  again  after  absorption  of  the  nitric 
oxide,  the  difference  giving  the  amount  of  this  gas.  For  the  absorption  of 
nitric  oxide,  a  saturated  solution  of  ferrous  chloride  was  for  some  time 
employed.  This  method  is  not,  however,  perfectly  satisfactory  when  the 
highest  accuracy  is  required,  the  nitric  oxide  being  generally  rather  under- 
estimated, except  the  process  of  absorption  is  rei>eated  \nih  a  fresh  portion 
of  ferrous  chloride.  The  error  is  greater  in  proportion  to  the  quantity  of 
unabsorbed  gas  present.  Thus,  with  a  mixture  of  nitrogen  and  nitric  oxide 
containing  little  of  the  former,  absorption  of  the  nitric  oxide  by  successive 
treatment  with  oxj'gen  and  pyrogallol  over  potash  showed  97*8  per  cent,  of 
nitric  oxide ;  while  the  same  gas,  analyzed  by  a  single  absorption  with  ferrous 
chloride  (after  xwtash),  showed  97*5  per  cent,  of  nitric  oxide.  With  a  mixture 
containing  more  nitrogen,  the  oxygen  method  showed  G5*9  per  cent,  of  nitric 
oxide ;  while  one  absorption  with  ferrous  chloride  gave  042  per  cent.,  and 
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a  second  absorption,  in  which  the  ferrous  chloride  was  plainly  dit^'oloured, 
66*2  per  cent.  The  u.se  of  ferrous  chloride  as  an  absorbent  for  nitric  oxide 
has  now  been  jfivon  up,  and  the  oxy^n  method  substituted.  All  the 
measurements  of  the  jfos  are  now  made  without  shifting  the  laboratory 
vessel ;  the  conditions  are  thus  favounible  to  extreme  accuracy. 

The  chief  source  of  error  atteinling  tlio  oxygen  process  lies  in  tlie 
small  quantity  of  carbonic  oxitie  produced  during  the  absorption  with 
pyrogailol ;  this  error  becomes  negligible  if  the  oxygen  is  only  used 
m  small  excess.  The  dilficulty  of  using  the  oxygen  in  nicely 
regulated  quantity  may  be  removed  by  tlie  use  of  Bischof's  gas 
delivery-tube.  This  may  be  made  of  a  test-tube,  having  a  small 
perforation  half  an  inch  from  the  mouth.  The  tube  is  partly 
filled  with  oxygen  over  mercury,  and  its  mouth  is  then  closed  by 
a  finely-perforated  stopper,  made  from  a  jneco  of  wide  tube,  and 
fitted  tightly  into  the  test-tube  by  means  of  a  covering  of 
<:aoutcliouc.  When  this  tube  is  inclined,  the  side  j)erforation 
.  being  downwards,  the  oxygen  is  discharged  in  small  bubbles  from 
the  perforated  sto[)per,  while  mercury  enters  through  the  side 
opening.  Using  this  tube,  the  supply  of  oxygen  is  ] perfectly 
under  control,  and  (^an  be  stopi>ed  as  soon  as  a  fresh  bubble  ceases 
to  ])roduce  a  red  tinge  in  the  laboratory  vessel.  Tlie  trials  mad(i 
with  this  apparatus  have  been  very  satisfactory.  If  nitrites  are  to 
be  estimated  by  this  method,  it  is  necessary  first  to  convert  them 
int(^  nitrates,  with  excess  of  hydrogen  peroxide,  which  is  entirely 
destroyed  by  the  subsequent  evaporation  to  dryness. 


Technical  method  for  Alkaline  Nitrates  and  Nitrated  Xanures. 

AVagner  uses  a  simple  arrangement  of  apparatus,  Avhich  gives 
fiiirly  goml  results,  and  i>ermits  of  rapid  working. 

A  200  c.c.  fliTsk  is  fitted  with  a  two-hole  rubber  stop])er.  One  hole  carries 
an  ordinary  pLs  delivery  tube,  and  the  other  a  thistle  funnel,  having  a  stop- 
c()(;k  below  the  funnel.  The  end  of  this  tube  is  narrowed,  and  does  not 
4juitc  reach  the  liquid  in  the  flask. 

A  solution  of  200  >(m.  of  iron  wire  in  hydrochloric  acid  is  made  and 
diluted  to  1  liter.  40  c.c.  of  this  solution  are  placed  in  the  flask,  and  the  air 
expelled  by  boiling.  10  c.c.  of  a  standard  solution  of  sodic  nitrate,  con- 
taining 33  ^mi.  per  liter,  are  then  placed  in  the  funnel,  and  allowed  ^oudually 
to  drop  into  the  boiling  solution  of  iron.  A  k^s  tube  graduated  to  100  c.c. 
is  filled  with  boiled  and  cooled  distilled  water,  and  the  nitric  oxide  collected 
in  the  usual  way.  "When  the  nitre  solution  is  nearly  all  dropped  in,  the 
funnel  is  filled  with  20  per  cent.  HCl,  and  run  down ;  this  is  repeated,  the 
liquid  bein^  still  kept  ^ntly  boiling.  10  c.c.  of  the  solution  to  be  tested 
are  now  put  into  the  funnel,  taking  care  that  not  more  than  100  c.c.  of  ^s 
will  result.  The  gas  is  collected  as  before  in  a  fresh  tube  precisely  as  in  the 
case  of  the  pure  nitrate.  In  this  manner  five  or  six  estimations  can  be 
made  with  the  one  and  the  same  ferrous  solution.  Finally,  a  fresh  test  is 
made  with  standard  nitre  solution ;  the  readings  of  the  tubes  are  taken,  and 
as  they  will  all  be  of  same  temperature  and  pressure  no  correction  is 
necessary,  all  being  allowed  to  cool  to  the  same  pomt 
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The  calculation  is  easy.  Sui)posc  tliat  the  pure  nitre  gave  90c.c. 
of  gas,  this  volume  =  0-33  gm.  of  XaNO^,  or  1  c.c.=  0*00366 
gm.  =0-000004  gni.  X. 

Technical  use  of  the  Pelouze  Pxx>ce88  for  Manures. — Vincent 
Edwards  adopts  the  following  method  for  manures  containing 
nitrates  toj^other  with  ammonia  and  other  matters  (C.  N,  Ixxi  307). 
The  solutions  requirctl  are  : — 

Standard  Potassic  bichromate,  14*742  gm.  ])er  liter.  1  c.c.  = 
0-0085  gm.  ^'aXO'^  or  O'OlOl  gm.  KXO\ 

Ferrous  Sulphate.  100  gm.  of  crystallized  salt  with  100  c.c.  of 
concentrated  H-SO*  per  liter. 

The  exact  Avorking  strength  of  these  two  solutions  in  practice,  is 
found  hy  boiling  50  c.c.  of  the  iron  solution  till  it  becomes  thick 
in  a  stout  well  annealed  glass  flask,  preferably  of  Jena  glass,  wdiich 
is  fitted  with  a  lUmsen  valve,  luade  by  cutting  the  rubber  tube 
Avith  a  sharp  razor,  the  glass  tube  to  Avhich  it  is  fitted  passing 
througli  a  light  fitting  rubber  stop[)er ;  aft<ir  boiling  the  flask  is  set 
aside  to  (M)o1,  then  100  c.c.  or  so  of  water  are  added,  and  the 
titration  made  with  bichromate  in  the  usual  way  with  fresh 
solution  of  ferricyanide  as  indicator. 

Proces*  :  10  —  2(>  ^m.  of  the  nitrated  mauurc,  iiccordiii^  to  its  richuess,  are 
exhausted  with  water  and  the  liquid  made  uj)  to  20()  c.c. 

20  c.c,  of  this  solution  are  placed  in  the  boiling  flask  together  with  50  c.c. 
of  the  iron  solution,  the  stopper  with  valve  is  then  inserted,  and  the  mixture 
l)oiied  until  it  becomes  thick,  and  semi-solid  droi)S  are  splashed  against  the 
sides  of  the  flask ;  the  flask  is  then  enveloped  in  a  cloth,  and  removed 
to  cool ;  when  this  has  occurred,  100  c.c.  or  so  of  water  are  nm  into  the  flask, 
well  shaken,  then  titrated  with  the  bichromate  Jis  in  the  case  of  the  blank 
experiment. 

Example:  The  blank  titration  showed  that  50  c.c.  of  iron  solution 
required  54  c.c.  of  bichromate.  20  c.c.  of  the  manure  solution  ^1  gm. 
manure  were  treated  as  above  described,  and  required  31  c.c.  of  bichromate, 
therefore  54—31  =-  23  c.c.  which  multiplied  by  0'0085  =  0l955  or  19-55  7, 
of  NaNO-'  in  the  manure.  The  manure  was  known  to  be  a  mixture  of 
20  /,  of  nitnite  of  soda,  of  Oo'oVo  strength,  with  80  per  cent,  of  au 
ammoniacal  guano. 

This  technical  ])rocess  is,  of  course,  chiefly  valuable  Avhere  the 
niti-ate  is  retjuired  to  be  estimated  apart  from  the  ammonia. 

6.    By  the  Kjeldahl  Procers. 

Ey  the  modified  method  described  on  page  85,  it  is  now  quite 
possible  to  estimate  the  nitrogen  in  commercial  nitrates  Avith  great 
accuracy  and  very  little  personal  attention. 

7.    lodometric   Estiznatlon  of  Nitrates. 

F.  A.  Gooch  and  H.  Gruener  {Awer,  J.  ScL  xliv.  117) 
recommend  distilling  the  nitrate  (about  0*2  gm.)  with  20  c.c.  of 
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a  saturated  solution  of  crystallized  manganous  chloride  in  strong 
hydrochloric  acid,  in  a  current  of  CO'-.  The  i)roduct8  of  the 
distillation  are  jnissed  into  a  solution  of  i)otassic  iodide,  and  the 
liberated  iodine  is  afterwartls  titrated  by  means  of  sodic  thiosulphato. 
3  mols.  of  iodine  correspond  "with  2  niols.  of  nitric  acid  IINO-^ 

Proceat :  The  apparatus  employed  consists  of  a  bent  pipette,  ser\'ing 
instead  of  a  retort,  which  is  connected  \(ith  a  Kipp's  apparatus  evolving 
CO-.  The  other  goose-neck -like  end  is  sealed  to  a  Will  and  Varrentrap 
nitrogen  bulb,  the  exit  tube  of  which  is  drawn  out,  so  that  it  may  be  pushed 
well  within  the  inlet  tube  of  a  Will  and  Varrentrap  absoqHion  flask. 
A  third  receiver  simply  act«  as  a  trap  to  exclude  air  from  the  absorption 
apparatus  proper.  Tlie  titration  should  be  completed  immediately  after  the 
distillation,  during  which  the  nitrogen  bulbs  should  be  immersed  in  cold 
water;  otherwise,  traces  of  dissolved  nitric  oxide  might  get  oxidized  and 
liberate  more  iodine. 

Another  method  worked  out  by  H.  Gruener  con.^^ists  in 
distilling  thc^  nitrate  with  potassic  iodide  and  jdiosphoric  acid 
(Amer.  J.  Sn.  xlvi.,  July,  1883.) 

Procett :  The  nitrate,  not  to  exceed  in  amount  005  gm.  of  potassiij  nitrate, 
is  introduced  into  a  retort,  together  with  ten  times  its  wci^jht  of  potassic 
iodide,  and  17  to  2C)  c.c.  of  phosphoric  acid,  of  specific  gravity  1*43.  All 
water  used  should  be  recently  boiled.  CO^  is  passed  from  ai)roper  ap]»aratus.. 
The  neck  of  the  retort  passes  into  a  receiver  containing  a  known  amount 
of  I'V  arscnious  oxide,  alkaline  with  a  good  excess  of  sodic  bicarbonate,  and 
diluted  to  a  convenient  bulk.  To  this  flask  is  attached  for  additional  safety 
a  simple  trap  containing  water.  The  solution  in  the  retort  is  boiled  untilit 
is  clear  that  no  more  iodine  remains,  when  the  rec^eiver.  after  ]>roper  washing 
and  addition  of  the  liquid  in  the  trap,  is  titrated  with  iodine  to  fintl  the 
amount  of  arsenious  oxide  still  left.  This  gives  the  measure  of  the  iodine 
evolved  and  consequently  of  the  nitrate  present. 

These  i)rocesses  are  simply  mentione<l  here,  as  perhaps  being 
available  under  particular  circumstances,  but  the  author  has  had 
no  experience  of  them.  The  test  examples  given  by  the  operators 
are  fairly  satisfactory,  esjiecially  the  first. 


8.     Gasometrio  estimation  as  Nitric  Oxide. 

This  method  of  estimating  nitrogen  existing  as  nitric  and  nitrous 
acids,  either  separately  or  together,  is  an  exceedingly  delicate  one, 
and  culpable  of  great  ar'curacy  und(»r  proper  manipulation. 

It  is  now  best  known  as  the  Crum-F rank  land  method,  the 
original  idea  emanating  from  Crum,  and  afterwards  improved  in 
detail  of  manipulation  by  Frankland  and  Armstrong,  in  their 
well-known  method  of  water  analysis. 

So  far  as  the  use  of  the  method  for  water  analysis  is  concerned, 
the  process^is  given  in  Part  VI.,  where  the  shaking  tube  Avhich  is 
\ised  for  the  decomposition  of  the  nitrogen  compounds  by  mercury 
and  sidphuric  acid  is  figured,  and  the  details  of  the  process  a? 
applied  to  waters  fully  described. 
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The  method  there  given,  however,  requires  the  use  of  a  gas 
apparatus.  This  method  obviates  that  necessity,  and  though  the 
results  cannot  be  said  to  be  absohitely  as  exact,  they  are  very 
satisfactory  for  some  purposes,  such  as  the  examination  of  nitrous 
vitriol,  raw  counnercial  nitrates,  manures,  etc. 

The  ai)paratus  used  is  Lunge's  nitrometer,  a  figure  of  which  is 
given  in  the  section  on  technical  gas  analysis,  accompanied  with 
a  description  of  the  inethod  of  using  it.  The  application  of  the 
instrument  to  the  estimation  of  nitrous  and  nitric  acids  in  vitriol 
and  other  substances  is  explained  in  the  same  section. 

The  volume  of  the  nitric  oxide  obtained  can  be  read  off  to.  ttV  c.c.  ; 
it  is  reduced  by  Lunsen's  tables  to  0"  and  760  m.m.,  and  the 
percentage  of  the  acid  calculated  from  it.  Ea(jh  c.c.  of  2s(.), 
measured  at  0"  and  760  m.m.,  corresponds  to  1*343  m.gm.  XO,  or 
1-701  m.gm.  K-0^  or  2-417  m.gm.  X^-'O'',  or  4*521  KXO-^  or 
3*805  m.gm.  XaXO^.  By  this  process,  of  course,  nitric  and  nitrous 
acids  cannot  be  distinguished,  but  are  always  estimated  together. 

The  i)rinciple  of  the  reaction  is  explained  in  the  section  on  Water 
Analysis  (Estimation  of  Xitrates  and  Xitrites),  anil  thtj  satisfactory 
nature  of  the  method  for  vitriol-testing  has  been  amply  demonstrated 
by  Watts,  by  Davis  ((7.  N.  xxxvii.  45),  and  many  others.  The 
instrument  itself  has  been  made  in  several  inodified  ways,  but  the 
principle  of  its  construction  is  the  same. 

Allen  (AnaJt/tit  v.  181)  recommends  the  use  of  this  instrument 
for  the  estimation  of  nitrates  and  iiitrites  in  water  residues ;  and 
to  obviate  the  difficulty  in  rciiding  the  volume  Avhicli  sometimes 
arises  from  the  mercurial  froth,  he  uses  two  nitrometers  side  by 
side,  in  one  of  Avhich  is  Avorked  a  pure  standartl  nitrate  solution, 
and  in  the  other  the  material  for  analysis  under  precisely  *  the  same 
conditions  of  tempei*ature,  pressure,  etc.  If  the  api)aratus 
containing  the  comparative  tc^st  is  free  from  leakage,  it  may  be 
retained  for  a  long  period  for  the  puriK>s<^  of  comparison. 

9.     Colorimetric   Methods. 

Phenol  Method  (Sprengrel).— Both  this  and  the  carbazol  method 
are  applicable  chietiy  to  waters  where  only  small  proi)ortions  of 
nitric  acid  are  to  be  estimat(Hl.     The  solutions  required  are — 

Standard  Potassic  nitrate. — 0*7215  gm.  of  KXO-*  is  dissolved 
in  a  liter  of  water.  1  c.c.  of  this  solution  =  y jy  m.gm.  of  X,  or  one 
])art  X  in  100,000.  100  c.c.  of  it  should  be  diluted  to  a  liter  for 
use  in  the  actual  analysis,  and  10  c.c.  tjiken,  to  avoid  the  possible 
error  resulting  fiom  measuring  oidy  1  c.c. 

Phenol  Sulphonic  acid. — 80  c.c.  of  liipiefied  pure  phenol  are 
poured  into  200  c.c.  of  pure  concentrated  sulphuric  acid  in 
a  flask,  and  kept  on  a  boiling  water  bath  for  eight  houi*s.  Th<> 
mixture  is  cooled,  and  140  c.c.  of  pure  hydrochloric  acid  with 
420  c.c.  of  Avater  added.     The  solution  is  then  ready  for  use. 
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Proceti :  10  c.c.  of  the  water  tender  examiuatiou  uud  10  c.c.  of  tlio 
Htaodard  potassio  nitrate  ore  pipetted  into  two  small  beakers  and  placed  near 
the  edge  of  a  hot  plate.  When  nearly  evaporated  they  are  removed  to  the 
top  of  the  wuter-oven  and  left  there  till  they  are  evaporated  to  complete 
drynesH.  As  this  operation  usually  takes  about  an  hour  and  a  half,  it  is 
better,  when  time  is  an  object,  to  evaporafe  to  dryness  in  a  platinum  dish 
over  steam.  The  residue  in  each  case  is  then  treated  with  1  c.c.  of  the 
phenolsulphuric  acid,  and  the  beakers  are  placed  on  the  top  of  the  water- 
oven.  If  the  water  under  examination  contain  a  large  ({uantity  of  nitrates 
the  liquid  speedily  assumes  a  red  colour,  which,  in  a  good  water,  will  not 
appear  for  about  ten  minutes.  After  standing  for  fifteen  minutes  the  beakers 
are  removed,  the  contents  of  each  washed  out  successively  into  a  100  c.c. 
measuring  glass,  a  slight  excess  (about  20  c.c.  of  0*96)  of  ammonia  added, 
the  100  c.c.  made  up  by  the  addition  of  water,  and  the  yellow  liquid 
transferred  to  a  Ncssler  glass.  The  more  strongly  coloured  liquid  is  then 
partly  transferred  to  the  measuring  glass  again  and  the  tints  com])ared 
a  second  time.  In  this  way  the  tints  are  adjusted,  and  when,  as  far  as 
fiossible,  matehed,  the  liqui<l  that  has  been  partially  removed  is  made  u])  to 
the  1(K)  c.c.  mark  with  water,  and,  after  well  mixing,  finally  compared.  If 
not  exactly  the  same,  a  new  liquid  can  at  onoe  be  made  up,  probably  of 
exactly  the  same  tint,  as  the  first  exi>eriment  gives  very  nearly  the  number 
of  c.c.  of  the  one  eciuivulent  to  the  100  c.c.  of  the  other.  A.  E.  Johnson 
in  his  very  useful  Analyst* s  Laboratory  Companion  (p.  50)  has  given 
a  table  for  obtaining  the  nitrogen  in  parts  per  100,000,  and  also  in  grains 
per  gallon,  by  this  method. 

In  the  case  of  very  good  waters,  20,  50,  or  more  c.c.  should  be  evaporated 
to  a  small  bulk,  rinsed  into  a  small  beaker,  and  evaporated  to  dr^'ness  and 
treated  as  above — only  5  c.c.  of  the  standard  potassic  nitrate  (  =  0*6  N  in 
100,000)  being  taken.  In  the  case  of  very  bad  waters,  10  c.c.  should  be 
pil)ettcd  into  a  lOO  c.c.  meju<uring  flask  and  made  up  to  the  murk  with 
distilled  water,  then  10  c.c.  of  the  well  mixed  liquid  (•=  1  c.c.  original  water) 
withdrawn  and  treated  as  above. 

A.  11.  (HII  (Tech,  Umirterbj  vii.,  1894,55—02)  has  studied 
this  method,  ana  says  : — The  phenolsulphonic  acid  used  should  bo 
the  pure  disulphuuic  acid  (C'^H**  (OH)  SO'*H-),  which,  Avith  nitric 
acid,  gives  picric  acid  even  in  the  cold  (Kekule,  Lehrbuch  iii.  23G.) 
To  i)repare  it,  3  gm.  of  pure  phenol  and  37  gm.  (20*1  c.c.)  of  pure 
sulphuric  lU'id  of  1  \*^4  sp.  gr.  are  mixed  in  a  ilask  and  heated  for 
six  hours  to  100"  in  a  wat(»r  bath.  The  acid,  as  thus  prepared, 
may  crystallize  out  on  standing,  but  may  be  brought  into  solution 
again  by  reheating  for  a  short  time.        • 

Procest :  The  author  takes  1  or  2  c.c.  of  the  water  (diluted  if  necessary), 
containing  about  0(KK)7  m.gm.  of  nitrogen  as  nitrate,  and  rapidly  evaporates 
over  a  steam  bath,  in  a  2^  inch  porcelain  dish,  the  dish  being  removetl  as 
soon  a.s  dry,  or,  preferably,  when  just  a  drop  remains.  With  "ground 
waters,'*  10  c.c.  of  a  portion  which  has  been  decolourized  by  alumina  in  the 
cold  are  evaporated.  The  residue  is  treated  in  the  dish  with  enough  of  the 
acid  to  cover  it,  10  drops  (  =  0*7  c.c.)  being  usually  sufficient,  and  by  stirring 
with  a  glass  rod  every  part  of  the  residue  is  moistened.  Seven  c.c.  of  water 
arc  added  and  stirred,  and  then  ammonia  in  excess,  and  the  solution  again 
stirred.  The  colour  is  compared  with  the  standard,  either  in  a  similar  dish, 
or  both  are  poured  into  tubes  If  inch  deep  and  |  inch  internal  diameter. 

The  standard  solution  of  potassic  nitrate  is  made  by  dissolving 
0*72f)  gm.  KNC  in  water,  dilutmg  to  1  liter,  evaporating  10  c.c.  in  vacud 


264  VOLUMETRIC   ANALYSIS.  §    70. 

over  sulphuric  acid,  treating  the  residue  with  phenolsulphonic  acid,  as  ahove, 
and  diluting  to  1  liter.  One  c.c.  of  this  solution  contains  O'OOl  m.gm. 
nitrogen.  A  measured  volume  of  it  is  made  alkaline  with  ammonia  as 
required.  * 

• 
The  author  concludes  from  liis  expeiimenta  that : — 

1.  The  pure  disulphonic  acid  gives  the  hest  results. 

2.  No  advantage  is  gained  by  treating  the  water  residue  with  the  acid  at 
100°,  as  Sprengel  directs;  equally  good  results  are  obtained  in  thooold; 
but  if  the  temperature  be  as  low  as  0**,  decidedly  low  results  are  obtained. 

8.  The  amount  of  acid  used  makes  very  little  difference  so  long  as  there  is 
enough  used. 

4.  There  is  a  loss  of  nitrogen  during  evaporation,  which  is  least  if  the 
evaporation  take  place  in  t<icu6  over  sulphuric  acid,  or  rapidly  in  an  open 
dish  at  100";  slower  evaporation,  at  65'',  caused  more  loss,  and  the  dry 
residues,  if  further  heated,  lose  nitrogen.  The  addition  of  sodium' carbonate 
does  not  prevent  the  loss. 

5.  Chlorine  does  not  interfere  if  less  than  two  parts  per  100,000  bo 
present;  if  more  be  present,  evaporation  should  be  conducted  in  racvd ; 
but  if  the  chlorine  exceed  seven  parts  per  100,000  it  should  be  removed 
by  pure  silver  sulphate  before  evaporation. 

6.  In  comparing  the  colours  the  most  accurate  estimations  are  made 
when  the  intensity  of  the  colour  does  not  exceed  that  produced  by  1  c.c.  of 
a  water  containing  about  005  p»art  nitrogen  per  100,000.  The  tolour 
produced  by  0*10  part  per  100,000  is  very  difficult  to  mat^h  accurately. 

7.  The  process  does  not  estimate  the  nitrogen  as  iiitrite,  as  the  action  of 
nitrous  acid  results  in  the  formation  of  nitrosophenol  C*'H^  (NO)  (OH), 
which  is  colourless  in  dilute  solutions. 

The  Oarbazol  Method. — The  standard  potassic  nitrate  and  pure 
suli)huric  acid,  as  above,  are  required  as  well  as  the  following 
special  reagents : — 

(a)  Silver  sulphate  solution  containing  4*3945  gni.  per  liter; 
1  c.c.  will  precipitate  one  part  of  chlorine  per  100,000  from 
100  c.c.  of  Avater. 

(h)  Aluminium  suli)hate  solution  free  from  chlorides  and  iron, 
5  gm.  per  liter. 

(r)  Carbazol  Solution. — 0*6  gm.  carbazol  is  dissolved  in  glacial 
acetic  acid,  and  the  solution  made  up  to  100  c.c.  with  the  glacial 
acid.  For  use,  1  c.c.  of  this  solution  is  withdraAvn  by  a  pipette 
and  mixed  with  15  c.c.  of  ^)ure  re-distilled  sulphuric  acid. 

It  is  advisable  to  prepare  a  series  of  solutions  containing  0*03, 
0*05,  0*07,  etc.,  parts  of  nitrogen  per  100,000  from  the  standard 
nitrate  solution  by  diluting  with  water. 

Frocest :  To  100  c.c.  of  the  water,  the  amount  of  chlorides  in  which  has 
first  been  ascertiiined,  sufficient  of  the  silver  sulphate  solution  is  added  from 
a  burette  to  precipitate  all  the  chlorides.  To  this  solution,  containing  the 
silver  chloride  in  suspension,  2  c.c.  of  the  aluminium  sulphate  solution  are 
added,  and  the  whole  made  up  to  a  convenient  bulk,  110  c.c.  in  the  ca,se  of 
waters  containing  1  to  6  parts  of  chlorine  per  100,000.  The  solution  is  then 
filtered,  and  2  c.c.  of  this  filtrate  are  then  taken  for  the  nitrate  estimation, 
and,  of  course,  the  amount  found  must  be  calculated  from  the  diluted  bulk 
of  the  solution.  To  the  2  c.c.  of  the  filtered  water  contained  in  a  test-tube, 
4  c.c.  concentrated  sulphuric  acid  are  added,  and  the  mixture  well  cooled. 
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1  c.c.  of  the  carbazol  solution  in  siilpliuric  acid  as  above  described  is  then 
added,  and  a  brijcht  ji^reen  colour  appears  in  a  few  moments  if  nitrates  are 
present.  The  amount  of  nitrate  is  roujfhly  jjauged  from  the  colour 
produced,  and  2  c.c.  of  the  standard  nitrate  solution,  considered  to  be  equal 
to  it,  are  placed  in  a  second  test-tube,  and  the  operation  repeated  with  it  and 
a  fresh  2  c.c.  of  the  water  under  examination  at  the  sjune  time.  If  the 
tint«  are  not  similar  a  fresh  comparison  must  be  made,  and  in  ever>'  case  it  is 
necessary  to  repeat  the  oiieration  with  a  fresh  quantity  of  the  water,  so  that 
the  colours  may  be  develoi>ed  as  nejirly  as  i)ossible  simultaneously. 

The  author  states  that  O'iXKX)  m.^^m.  of  nitrogen  as  nitrate  may  be  detected 
by  the  carbazol  method.  The  removal  <)f  chlorides  is  necessary  for  accurate 
results,  but  the  filtration  does  not  take  much  time  when  aluminium  sulphate 
solution  is  added  as  described. 

Other  8])ecial  methods  for  the  estiniutiou  of  nitrates  in  water 
will  be  given  in  the  section  on  Water  Analysis. 
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NITBITES. 
1.     lodometrio  method. 

Dunstan  and  Dymond  {Pharin.  Jonrn. 
[3]  xix.  741)  have  devised  a  method  for  the 
estimation  of  !N-()''  in  organic  and  inorganic 
combination  which  is  both  simple  in  operation 
and  accurate  in  results.  The  authors  point 
out  that  although  the  inorganic  nitrites  may 
be  accurately  analyzed  by  gasometric  methods, 
».)r  by  permanganate,  it  is  impossible  to  use 
such  methods  for  tlie  organic  comi)ound8  or 
their  alcoholic  solutions.  Tlie  reaction  upon 
which  the  method  depends  is  not  new,  being 
based  on  tlie  following  ecjuation — 

2HI 4-  2HN02  =  2H-T)  +  2X( )  + 1-. 

Tlie  liberated  ioiline  is  titrated  with  yj^  thio- 
sidphate  in  the  usual  way.  The  chief  merit 
in  the  process  is  the  simple  fonn  of  apparatus 
used,  and  which  is  shewn  in  fig.  48. 

A  stout  glass  flask,  having  a  capacity  of 
a]x)ut  100  c.c,  is  closed  by  a  tightly  fitting 
rubber  stopper,  througli  which  passes  a  piece  of 
rather  wide  glass  tubing  (C),  one  end  of  which 
(that  within  the  flask)  is  cut  off  obliquely,  so 
that  licpiid  may  flow  freely  through  it.  The 
other  end  of  the  tube  is  connected  by  means 
of  a  piece  of  thick  nibber  tubing  with 
a  large  glass  tube,  which  forms  a  lipped  funnel 
(A).  A  steel  screw  clamp  (B)  regulates  com- 
munication between  the  funnel  and  the  tube, 
and  the  short  interval  of  nibbcr  which  is  not 
occujned  by  glass  tubing  forms  a  hinge  upon 
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wliicli  the  flask  may  be  moved  into  a  position  at  right  angles  to- 
the  funnel,  in  order  to  mix  hy  agitation  the  liquiils  which  are 
introduced  into  the  api)aratus.  The  absence  of  any  leak  in  the- 
apparatus  is  ascertained  by  boiling  about  50  c.c.  of  water  in  the 
flask  until  steam  has  continuously  issued  from  the  funnel  for  some 
few  minutes,  when  the  screw  clip  is  quickly  closed  and  sunul- 
taneously  the  source  of  heat  is  removed.  A  Httle  water  is  now 
l)laced  in  the  funnel  and  the  flask  is  cooled  by  immersion  in  water. 
On  slyirply  inverting  the  flask  the  "  click "  of  the  water  against 
the  airless  flask  should  be  quite  distinct  No  water  should  be 
draAvn  from  the  funnel  or  from  any  of  the  joints  int«>  the  flask, 
and  no  diminution  in  the  intensity  of  the  "  click ''  should  bo 
observed  after  the  apparatus  has  been  standing,  neither  when  the 
flask  is  inverted  and  the  funnel  emj)ty  should  any  bubbles  of  air 
pass  through  into  the  liquid.  Having  thus  proved  the  absence 
of  any  leak  in  the  apparatus,  it  is  ready  for  use.  The  flask  is  now 
free  from  all  but  mere  traces  of  oxygen.  A  conclusive  proof  of 
this  is  obtained  by  boiling  in  the  flask  a  solution  of  potassic 
iodide,  acidified  with  diluted  sulphuric  acid,  and  then,  after  the 
closed  flask  has  been  cooled,  the  funnel  removed  and  its  place 
taken  by  a  smaller  glass  tube  tilled  Avith  air-free  water,  the 
apparatus  is  connected  with  a  reservoir  of  pure  nitric  oxide. 
When  the  clamp  is  unscrewed  nitric  oxide  is  drawn  into  the  flask, 
and  shoiUd  any  oxygen  be  present  nitrous  acid  Avill  be  produced, 
and  consequently  iodine  will  be  set  free.  This  experiment  has 
often  been  made  by  the  authors,  who  have  failed  to  observe  any 
})ut  an  insigniflcant  trace  of  liberated  iodine. 

Process:  5  c.c.  of  a  10  per  cent,  solution  of  pota^ssic  iodide,  5  c.r.  of 
a  10  per  cent,  solution*  of  sulj)liuric  acid,  and  40  c.c.  of  water  arc  introduced 
into  the  flask,  which  is  securely  fitted  A^ith  the  cork  carrying  the  funnel  and 
tube.  The  screw  clip  being  open,  and  a  free  passage  left  for  the  escape  of 
steam,  the  liquid  is  boiled.  After  a  few  minutes,  when  any  iodine  which 
may  have  been  liberated  lias  been  expelled,  and  the  upper  part  of  the  flask  is 
comi)letely  filled  with  steam,  which  is  also  freely  issuing  from  the  fimnel,  the 
(•lip  is  tightly  closed,  and  at  the  same  moment  the  source  of  heat  is  removed. 
A  little  water  is  now  put  into  the  funnel,  and  also  on  the  rim  of  the  flask,  as- 
:i  safeguard  against  a  iwssible  minute  leakage,  and  the  vessel  is  cooled,  by 
immersion  in  water.  A  solution  containing  a  known  weight  of  the  nitrite 
(ecjuivalent  to  about  0*1  gm.  of  nitrous  acid)  is  placed  in  the  funnel,  and 
slowly  drawn  into  the  flask  by  cautiously  unscrewing  the  clip.  The  liquid 
which  adheres  to  the  funnel  is  washed  into  the  flask  ^ith  recently  boiled  and 
air-free  water,  care  being  taken  that  during  this  operation  no  air  is  admitted 
into  the  flask.  When  experiments  are  being  made  with  organic  nitrites 
which  are  insoluble  in  in-ater,  they  are  dissolved  in  alcohol,  and  alcohol  is  also 
used  to  wash  the  funnel.  When  the  nitrite  is  very  volatile,  a  little  cold 
alcohol  should  be  put  in  the  funnel,  and  the  j>oint  of  the  pipette  containing 
the  nitrite  should  be  held  at  the  bottom  of  the  funnel  beneath  the  alcohol, 
and  the  licjuid  quickly  drawn  from  the  pipette  into  the  flask.  The  nitrate 
having  been  introduced,  the  flaiik  is  well  shaken  and  the  liberated  iodine  iu 
titrated  with  a  standard  solution  of  wdic  thiosulphate,  small  quantities  of 
which  are  delivered  from  a  burette  into  the  funnel  and  gradually  drawn  intO' 
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the  fla^k ;  the  screw  clip  renden  it  quite  easy  to  admit  miuiite  (quantities  of 
the  solution.  As  soon  as  the  iodine  is  decolorized  any  standard  solution 
remaining  in  the  funnel  is  returned  to  the  burette.  Or  the  funnel  ma\% 
before  the  titration  is  commenced,  be  replaced  by  the  burette  itself,  and  the 
standard  solution  delivered  direct  into  the  flask.  Starch  ma}*  be  used  us  an 
indicator,  but  it  is  usually  (juite  easy  to  observe  the  complete  disapi>earance  of 
the  yellow  colour  of  the  dissolved  iodine.  From  the  volume  of  the  stindanl 
solution  used,  the  amount  of  nitrous  acid  is  calculated  from  the  equation 
l)eforc  given. 

It  is  obvious  that  the  apparatus  might  be  improvoil  in  several 
respects,  as,  for  example,  by  constructing  it  entirely  of  glass,  with 
u  ground  stopi)er  and  tap,  tus  Avell  as  l)y  the  use  of  a  graduated 
funnel  to  deliver  the  standard  solution,  and  also  in  other  ways. 

The  authors  quote  numerous  experiments,  comjuiring  the  method 
with  careful  estimations  of  soilie  an<l  ethyl  nitrites,  gasometriwilly 
shewing  excellent  results. 

As  a  furtlier  test  of  the  accuracy  of  the  i>rocess,  ex])criments 
were  made  witli  various  organic  nitrites  of  known  purity.  In 
each  instance  a  solution  of  the  nitrit<j  was  made  by  weight,  and 
a  Aveighed  quantity  Avas  used  for  tlie  estimation.  To  prevent  any 
loss  of  these  volatile  nitrites  the  cxi)criment8  were  conducted  in 
the  following  manner: — A  well-stop] )ered  bottle  half  filled  with 
the  alcohol  corres]X)nding  to  the  nitrite*  to  be  estimated  was 
weighed.  Sutticient  of  the  nitrite  was  now  introduced  by  means 
of  a  pifKittc  to  constitute  ai)proximately  a  2  per  cent,  solution,  and 
tlie  li(iuid  again  Aveighed.  The  exact  strength  of  the  solution 
having  been  thus  determined,  the  contents  of  th(?  bottle  were;  Avell 
mixetl,  and  the  neck  and  stopi>er  of  the  lx)ttle  dried.  The  l)ottlc 
was  now  re-weighed,  and  about  2  c.c.  of  the  solution  removed  by 
a  pijU'tte,  care  b(?ing  taken  not  to  wet  the  neck  of  the  lx)ttle.  The 
liquid  having  l)een  introduced  into  the  Hask  Avithout  exptwure  to 
air,  in  the  manner  Avhich  has  been  previously  describe<l,  the  lx>ttle 
containing  the  soluticm  Avas  again  Aveighed.  The  results  obtiineil 
with  ethyl  nitrite  Avere  :-  - 

Taken.  Found. 

00S8  gni.  0*089  gm.' 


017G    „  0179    „ 

0113    „  0115    „ 


2.    AnaliTBis  of  Alkaline  Nitrites  by  Permanganate. 

Kinnicutt   and    Xef    have    experimented   on   the    following 
methoil,  and  obtained  very  fair  results. 

The  sample  of  nitrite  is  dissolved  in  cold  water  in  the  proportion  of  about 
I  to  300 :  to  this  li<juid  VV  permanganate  is  added  drop  by  drop,  till  it  has 

*  The  oorrenxmiUnK  alcohol  waa  emploTed  to  prevent  lom  consequent  on  the  occurrence 
of  a  reverue  cnemical  chauffe,  which  takes  place  when  a  lower  homoIoKoixs  alcohol  in 
mixed  with  the  nitrite  corresponding  to  a  hid^lier  homologous  alcohol ;  for  example, 
a  solution  of  amyl  nitrite  in  ethyl  alcohol  soon  becomes  a  solution  of  ethyl  nitrite  in 
umyl  alcohol,  from  which  the  ethyl  nitrite  rapidly  Tolatiiixea. 
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a  permanent  red  colour ;  then  2  or  3  drops  of  dilute  H-SO*,  and  immediately 
afterwards  a  known  excess  of  the  permanganate.  The  liquid,  which  should 
now  be  of  a  dark  red  colour,  is  strongly  acidified  with  pure  H'-^SO*,  heated 
to  boiling,  and  the  excess  of  permanganate  determined  by  means  of  freshly 
prepared  -^  oxalic  acid.  1  c.c.  permanganate ^=0'0345  gm.  NaNO-,  or 
00425  gm.  KN02. 

Of  course  there  must  be  no  other  reducing  substance  tlian  the 
nitrite  present  in  the  material  examined,  and,  to  ensure  accuracy, 
a  blank  experiment  should  be  made  with  the  like  proportions  of 
II^SO*  and  oxalic  acid. 


3.    Gasoxnetrio  method. 

Percy  Frankland  (/.  C.  S.  liii.  364)  adopts  this  method  for 
the  estimation  of  nitrous  acid  in  small  quantity,  but  too  large  for 
colorimetric  estimation,  and  where  also  ammonia,  organic  matters, 
and  nitrates  may  co-exist.  It  is  based  on  the  fact  that  when 
nitrous  acid,  together  with  excess  of  urea,  is  mixed  with  sulphuric 
acid  in  the  cold,  the  reaction  is 

2CO(XH2)2  4-  K-^O'^  =  C0(NH-»0)2  +  CO2  +  2N-\ 

The  decomposition  is  made  in  the  Crum -Frankland  shaking  tube, 
described  and  figured  in  Part  VI.,  and  the  evolved  nitrogen  gas 
measured  in  the  usual  gas  apparatus.  The  ordinary  nitrometer  may 
also  be  used  for  larger  quantities  of  XO-  by  the  same  method. 

In  the  case  of  an  ordinary  alkali  nitrite,  the  dry  substance,  or 
its  solution  evaporated  to  dryness,  is  mixed  with  excess  of 
crystallized  urea,  and  dissolved  in  about  2  c.c.  of  boiling  Avater  in 
a  beaker,  then  transferred,  with  the  rinsings,  to  the  cup  of  the 
apparatus,  and  passed  into  the  tube.  A  few  c.c.  of  dilute 
sulphuric  acid  (1:5)  are  then  passed  in.  A  vigorous  evolution  of 
gas  takes  place,  and  continues  for  some  five  minutes ;  the  gas  is 
a  mixture  of  nitrogen  and  carbonic  anhydride.  The  decom|x>sition 
is  complete  in  fifteen  minutes.  A  solution  of  pure  sodic  hj'dratc 
(1  :  3)  is  now  added  through  the  cup,  and  the  mixture  violently 
shaken,  until  the  CO-  is  absorbed.  The  gas  and  liquid  are  then 
transferred,  by  means  of  another  mercury  trough,  to  the  labonitory 
vessel,  and  the  gas,  which  is  double  the  volume  of  the  X  existing 
as  X-0^,  measured  in  a  gas  apparatus,  and  its  weight  calculated  in 
the  usual  Avay. 

Example:  A  solution  of  sodic  nitrite  wa.s  made  and  standardized  with 
permanganate,  the  result  being  that  10  c.c.=0001346  gm.  N.  10  c.c.  of  the 
isame  solution  were  evaporated  to  dryness  in  a  small  beaker,  about  0*2  gm.  of 
urea  added,  the  whole  dissolved  in  2  c.c-  of  hot  water,  which,  with  the 
rinsings,  were  transferred  through  the  cup  into  the  tube,  treated  with 
pulphuric  acid  and  caustic  soda,  then  transferred  to  the  gas  apparatus  with 
the  following  results : — Volume  of  N,  13*79  c.c. ;  mercurial  pressure,  127*5 
m.m. ;  temperature,  17'7"  C.  The  weight  of  N  thus  found,  after  the 
necessary  corrections,  was  0*0013645  gm. 
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The  Crum-Frankland  merrury  luetliod,  (lcs(.'ril)e(l  in  t\ve 
section  on  AVater  Analysis,  and  in  which  the  same  shaking  tube  is 
used,  does  not  distinguish  between  nitric  and  nitrous  nitrogen  ; 
but  Percy  Frank  land  required  a  method  for  the  estimation  of 
nitrous  acid  in  a  mixture  of  nitrates,  peptones,  sugar,  and  varioiu* 
salts  occurring  in  a  solution  used  for  cultivation  of  micro-organisms, 
ami  the  experiments  carried  out  by  lum  showe<l  that  when  such 
a  mixture  was  evaporated  to  dryness  the  loss  of  HXO-  was  consider- 
able, and  the  results  ciime  out  much  too  low.  Further  experiment, 
however,  showed  that  the  a<ldition  of  a  slight  excess  of  caustic 
l)otash  during  evaporation  prevented  the  loss  of  any  UNO'-;  and 
on  the  other  hand  the  addition  of  a  slight  excess  of  amnion ir  chloride 
entirelv  dcstroved  it.  Therefore  bv  a  combination  of  the  mercury 
and  the  urea  methods,  the  estimation  of  nitric  and  nitrous  acids 
may  be  satisfactorily  accomplished,  the  destruction  of  the  JINO- 
on  the  one  hand  being  effected  by  excess  of  NlI^Cl,  whilst  on  the 
other  hand  all  loss  of  IIX(J*-  may  be  avoided  by  evaporation  with 
caustic  alkali.  The  mode  of  ])rocedure  has  the  advantage  over  all 
diUerential  metlnnls,  in  that  each  acid  is  determined  individuaUv 
and  indej)endently  of  the  other. 

4.    Mixtures  of  Alkaline  Stilphites,  Thiotulphates,  and  Nitrites. 

Lunge  and  Smith  (J.  S.  (J.  I.  ii.  405)  have  shown  that  the  only 
satisfactory  m<^thod  of  completely  oxidizing  sulphites  an<l  tliio- 
sulj^hates  by  permanganat<j  is  to  add  to  the  solution  a  largi?  excess 
of  j)ermanganat^%  more  than  sufficient  for  complete  oxidation,  and 
witli  formation  of  MnO-.  Excess  of  FeS()-*  is  then  added,  and 
again  permanganate  till  ]»ink.  AVhen  such  a  mixture  contains 
nitrites,  they  will  of  course  brj  oxidized  to  nitrates. 

To  find  the  amount  of  nitrites  present,  therefore,  the  following 
method  is  adopted  :-  - 

The  solution  of  the  substmce  in  not  t(^o  hirge  cpiantity  is 
exactly  oxitlizi'd  as  des<*ribed,  a  known  volume  of  stuulaid  ferrous 
sulphate  is  added,  together  with  a  large  excess  of  strong  H-S(  M. 
The  mixture  is  boiled  nearly  to  dryness  in  a  Hask  with  slit  valve, 
diluted,  and,  \\\un\  cool,  titrated  with  ])ermanganate.  The  dili'erence 
l>«3twe(Mi  the  volume  th(?n  re<piired  and  that  required  by  the  original 
Fe-8(  >^,  represents  the  nitric  acid  which  has  been  reduced  and 
escaped  as  N( ). 

The  ex<-.eedingly  delicate  colorimetric  method  of  estimating 
nitriti'S  originally  devised  by  (Iriess,  and  improved  by  others,  will 
be  described  in  the  section  on  Water  Analysis. 

OXYGEN. 

0-16. 

S  71.  The  volumetric  determination  of  the  dissolved  oxygen  in 
water,  is  an  operation  of  some  importance  in  water  analysis.     It  is. 
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-well  known  that  organic  and  bacterial  contamination  generally 
-exist  side  hy  side ;  the  organic  matter  offering  a  suitable  nidus  for 
the  growth  of  bacterial  life.  "Water  thus  contaminated  is 
•de-oxygenated  by  the  living  organisjns,  which  consume  oxygen 
during  their  growth ;  hence  the  importance  of  the  estimation  of 
<li8Solved  oxygen  in  water,  as  a  means  of  ascertaining  tlie 
■co-existence  of  the  two  kinds  of  impurity. 

In  brewing  also  a  knowledge  of  the  state  of  aeration  of  the  wort 
is  sometimes  of  importance,  especially  at  the  fermentation  stage  of 
the  process. 

Several  methods  have  been  proposed  for  carrying  out  the 
estimation.  Mohr^s  method,  deiKjnding  on  the  oxidation  of  ferrous 
compounds,  with  subsequent  titration  by  permanganate,  has  not 
come  greatly  into  use.  \V inkier  (Beiirhfe,  1888,  2851)  has  quite 
recently  proposed  to  take  advantage  of  the  oxidation  of  manganous 
hydroxide*  by  dissolved  oxygen,  the  higher  oxide  formed  being 
•decomposed  by  sulphuric  acid  and  potassic  iodide  with  liberation 
of  iodine,  which  is  estimated  by  titration  with  sodic  thiosulphate. 
This  method  is  disturbed  by  the  presence  of  nitrites,  which  also 
liberate  iodine  from  acidified  potassic  iodide ;  gi'eat  organic  con- 
tamination also  interferes,  inasmuch  as  the  impurities  present  take 
up  a  portion  of  the  liberated  iodine. 

8chutzenberger*s  method,!  fully  described  in  the  last  edition 
of  this  book,  has  received  great  attention  from  many  oj)crator8, 
some  of  whom  have  reported  favourably,  whilst  others  find  the 
process  luireliable.  The  reason  for  the  anomalies  ai)parent  in  the 
reports  of  the  various  experimenters  is  shown  in  the  results  of  an 
interesting  critical  investigiition  of  the  process  carried  out  by 
Roscoe  and  Lunt  (/.  C,  S.  1889,  552).  They  show  that  an 
important  disturbing  influence  had  been  overlooked,  and  exi)lain 
many  previously  ill-understood  points  in  the  proceas. 

Schlitzenberger's  original  process  dej^ends  on  the  reducing 
action  of  sodic  hyposulphite  Na-S02,  prepared  by  the  action  of 
zinc  dust  on  a  saturated  solution  of  sodic  bisulphite,  containing 
an  excess  of  sulphurous  acid.  Tlie  estimation  was  originally 
carried  out  in  a  large  WouUf  *s  bottle,  of  about  two  liters  capacity, 
filled  with  jmre  hydrogen.  About  20 — 30  c.c.  of  water  were 
introduced,  and  slightly  coloured  blue  by  indigo-carmine  solution. 
The  blue  colour  was  then  cautiously  discharged  by  the  careful 
dro])ping  in  of  hyi)Osulphite  solution.  To  the  yellow  reduced 
liquid  thus  produced,  the  water  to  be  examined  was  added  from 
a  pear-shaj)ed  vessel  holding  about  250  c.c.  The  dissolved  oxygen 
restored  the  blue  colour  by  oxidation,  and  the  amount  of  hypo- 
.  sulphite  required  to  again  decolorize  the  li(piid  was  noted. 

Sehiitzenberger  showed  that  when  a  small  amount  of  indigo 

*  Obtained  by  mixing  solutions  of  a  mauganoiiB  salt  and  canstic  alkali. 

t  See  Fermentation  by  P.  Schatzenberger  {International  Scientific  Scries), 
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'svas  employed  in  the  estimation,  the  yellow  colour  j^roiiuccii  when 
the  titration  was  comj)leted  quickly  returned  to  ]>lue,  and  this 
when  decolorized  again  turned  blue,  and  so  on  for  some  time,  until 
double  the  tiret  amount  of  hyixisulphite  had  ])een  useil.  He 
showed  also  that  by  using  a  much  larger  amount  of  indigo  the 
double  portion  of  hyposulphite  Was  required  at  (mce. 

By  titrating  an  ammoniacal  solution  of  copper  sulphate  with  the 
hyposulphite  used  he  arrived  at  a  value  (though  an  erroneous  one) 
for  the  hyposuli)hite  employed  in  his  exi)erimcnt««,  and  concluded 
that,  at  the  first  yellow  colour  produced  in  a  titration  where 
a  small  amount  of  indigo  was  used,  only  lial/  the  oxygen  actually 
present  had  been  obtained.  The  other  half  he  accounted  for  by 
saying  that  the  reaction  between  hyjwsulphite  and  dissolved  oxygen 
is  such,  that  one-half  the  oxygen  becomes  latent  as  hydrogen 
])eroxide,  which  slowly  gives  up  half  its  oxygen.  He  thus  accounted 
for  the  return  of  the  blue  colour,  as  well  as  his  observation  that 
only  half  the  oxygen  was  at  once  obtained  To  explain  the 
observation,  that  when  a  large  amount  of  indigo  was  employed 
fhe  frhofe  of  the  dissolved  oxygen  was  found,  ho  assumed  that 
a  different  reaction  takes  ])lace,  on(»  between  dissolved  oxygen 
and  reduced  indigo,  in  which  the  peroxide  of  hydrogen  is  not 
formed. 

Ramsay  and  AVilliams  (/.  C.  S.  1H86,  751),  whilst  agreeing 
with  Schiitzenberger  and  with  Dupre,^  that  the  jirocess  gives 
reliable  results,  throw  a  doubt  on  the  chemical  explanation  given 
of  the  above  experiments. 

Instead  of  the  ratio  1  :  2,  they  find  3  :  5  to  Im?  the  ratio 
between  the  first  and  total  quantity  of  hyposulphite  re<iuir(Ml  when 
a  small  amount  of  indigo  is  employed,  but  give  it  only  as  the  mean 
expression  of  the  varying  ratios  they  obtain,  and  acid,  "  but  it  is 
<lifK(;ult  to  devise  an  ecpiation  which  will  in  a  rational  manner 
account  for  this  jMirtition  of  oxygen "  into  two  stages  of  the 
process.  Roscoe  and  Lunt's  investigation  (/.  C.  S,  1889,  552) 
has  thrown  a  new  light  on  these  experiments.  Tliey  show  (1)  that 
a  series  of  fifteen  estimations  carried  out  with  every  care  in 
improved  apparatus,  and  under  apparently  identical  conditions, 
gave  discordant  residts,  varying  bistween  4 '55  and  6*50  c.c.  of 
liyposulphite  for  the  same  volume  of  water,  showing  a  diflerence 
of  0*35  per  cent,  of  the  mean  value.  (2)  The  rapidity  of  titration 
has  a  great  influence  on  the  result  The  mean  of  a  series  of  t(?n 
estimations  carried  out  drop  by  drop  was  5*47,  whilst  ten 
experiments  with  the  same  sample  of  water  gave  a  mean  of  7*12 
when  the  titration  was  i>erformed  cpiickly.  (3)  Not  only  is 
a  low  result  obtained  by  a  slow  titration  and  a  liigR  result  by 
a  (piick  one,  but  by  varying  the  time  of  titration  still  more,  ejirevw 
variations  in  tlie  result  are  obtained ;  any  value  between  1  and  1 00 

*  AnaXy%i  x.  156. 
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per  cent.  i>(  tlie  total  oxygen  preseut  Ireiiig  sliown  to  W  possiblewB 
(4)  The  ratio  between  the  first  tending  and  the  total  quantity  I 
of  liyposuljihite  rKijuired  is  not  a  nonetaiit  one,  and  is  shonn  t 
bo  eajiable  of  an  iniinite  range  of  variation. 


Tlio  key  to  the  oxiilunation  of  Iheso  ronmikabk-  reealts  is  given 
by  thc!  authors  an  follol^■s  ;— " Tho  conclusion"  from  their  experi- 
ments  "was,  that  when  aerated  water  is  introduced  into  nn 
atmosphere  of  pure  liydrogou,  it  immediately  begins  to  lose  oxygen 
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by  diffusion  into  the  hydrogen  until  an  equilibrium  is  ostablished.'^ 
By  the  recognition  of  this  disturbing  influence,  tho  previous 
anomalies  are  easily  explainable  on  the  following  data. 

(1)  Discordant  results  are  obtjiined  from  the  same  water, 
because  the  severjd  titrations  are  not  performed  in  exactly  the  ^^ame 
time,  therefore,  varying  amounts  of  oxygen  diffuse,  and  leave 
a  varying  residue  for  titration. 

(2)  The  high  results  of  a  (luick  titration  are  accounted  for  by 
the  fact  that  a  large  amount  of  oxygen  is  titrated  aud  lixed  before 
it  has  had  time  to  diffuse,  whilst  the  slow  titration  gives  a  low 
result,  because  a  large  amount  of  oxygen  has  already  diffused 
from  the  liquid  before  the  titration  is  comi>leted.  Xo  greater 
j>roof  of  the  rapidity  with  which  the  water  under  examination  lost 
oxygen  by  the  old  process  need  be  given  tlian  the  fact,  that 
Schiitzenberger's  results  show  that  half  the  oxygen  had  left  the 
liquid  by  diffusion  before  the  estimation  could  be  completed. 

(3)  The  return  of  the  blue  colour  is  due  to  the  re-absorption 
of  the  difftu^ed  oxygen  by  the  sensitive  yellow  liipiid,  oxidation  by 
giiseous  oxygen  producing  the  blue  colour,  which  is  thus  not  due 
to  a  reaction  within  the  li(piid. 

(4)  The  whole  of  the  oxygen  is  obtained  when  a  large  amount 
of  indigo  is  use<l,  because  when  reduced  it  is  capable  of  af  once 
fixing  the  whole  of  the  dissolved  oxygen  and  thus  prevents 
<liffusion.  The  use  of  so  large  a  quantity  of  indigo,  necessary  to 
eHcct  this  result,  however,  so  disturbs  the  end-reaction  that  "  it  is 
ditticult  to  fix  the  point  at  which  the  last  trace  of  blue  lias  been 
discharged  with  any  degree  of  accuracy  "  (I)  up  re  lor.  fit.).  licence 
a  new  method  must  be  resorted  to  in  which  diffusion  is  eliminated, 
and  Roscoe  and  Lunt  have  devised  the  following  method  to 
satisfy  the  conditions  of  the  case.  The  ai)paratus  employed  by 
them  is  shown  in  fig.  49. 

It  consists  essentially  (1)  of  an  ai)paratus  for  the  continuous 
generation  and  purification  of  hydrogen,  by  the  action  of  dilute 
8uli)huric  acid  on  zinc;  (2)  a  200  c.c.  wide-mouthed  bottle,  fitted 
Avith  three  burettes  with  glass  taps,  inlet  and  outlet  tubes  for 
a  current  of  hydrogen,  and  an  outlet  tube  for  the  titrated  liquid ; 
(3)  AVim^hester  st<j(!k  bottles  of  hyposulphite,  indigo  (not  shown), 
and  water  (sample),  communicating  with  their  respective  burettes 
by  fjhins^  syjihons.  The  hydrogen  generated  in  A  jiasses  through 
two  wash-bottles  containing  caustic  pottish,  thence  through  two 
Emmerling's  tubes  filled  Avith  glass  beads,  moistened  Avith  an 
alkaline  solution  of  potassic  pyrogallate,  an  arrangement  being 
made  whereby  the  beads  may  be  re-moistened  with  fresh  pyrogallate 
fn^m  the  bottles  beneath,  the  liijuid  being  forced  up  by  hydrogen 
pressure.      Pure    hydrogen   is   8upi)lied   continuously  (1)    to  the 

*  India-rubber  tubiiig  must  not  be  used  for  the  converance  of  tbe  liyi)08ulDhite 
solution  (or  the  water  under  examination),  as  atmospheric  oxjk^u  mpidJy  dinuseB 
through  the  india-rubber  and  affects  the  strength  of  the  solution. 
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stock  bottle  of  hyposulphite,  (2)  to  the  hyposulphite  burette,  and 
(3)  to  the  titration  bottle. 

Preparation  of  the  Beaerents. — The  reagents  required  are — 
Hyposulphite  solution. 
Indigo-carmine  solution. 
►Standard  aerated  distilled  water. 

The  Hirposulphlte  solution  is  prepared  by  dissolving  1 25  gni.  of 
sodic  bisulphite  in  250  c.c.  of  water,  and  passing  a  current  of  HO^ 
through  the  solution  until  saturation  is  effected.  The  solution  is 
poured  into  a  stoppered  bottle  of  about  500  c.c.  capacity,  containing 
50  gin.  of  zinc  dust,  the  bottle  is  almost  filled  up  with  water,  and 
the  mixture  well  shaken  for  h\e  minutes,  after  which  the  bottle  is 
placed  beneath  a  running  tap  to  cool.  The  mixture  is  again 
agitated  after  a  quarter  of  an  hour  and  left  to  deposit  the  excess  of 
zinc.  The  clear  licpiid  is  poured  off  from  the  sediment  into 
a  Winchester  quart  bottle  half  full  of  water.  Milk  of  lime  is 
added  in  excess,  and  the  solution  made  up  to  fill  the  bottle  almost 
completely.  The  mixture  is  now  thoroughly  shaken  and  allowed 
to  stand  (best  overnight)  until  clear. 

The  solution  thus  obtained  is  much  too  strong  for  use.  200  c.c. 
of  this  may  be  poured  into  a  "Winchester  quart  bottle  of  water 
(nciver  into  a  bottle  filled  with  air)  and  well  shaken  with  as  little 
air  as  possible.  The  approximate  strength  of  this  dilute  solution 
must  now  be  found  by  titrating  good  tap  water  in  the  apparatus 
already  described.  The  strength  should  be  such  that  100  c.c.  of 
water  re<piire  about  5  c.c.  of  hyposulphite,  and  the  solution  shoidd 
be  made  up  approximately  to  this  value.  It  slowly  loses  strength 
on  keeping,  even  in  hydrogen,  and  its  value  should  be  determined 
daily  as  required  to  be  used. 

The  Indiffo-oarmine  aolntion  is  prepared  by  shaking  up  200  gm. 
of  indigo-carmine  m  a  "Winchester  quart  bottle  of  water,  and 
filtering  the  blue  solution,  which  must  be  diluted  to  such  a  strength 
that  20  c.c.  require  about  5  c.c.  of  the  above  hyposulphite  solution 
for  decolorization. 

Standard  Aerated  Distilled  Water. — Two  "Winchester  quart  bottles 
half  filled  with  freshly  distilled  water  are  vigorously  agitated  for 
five  minutes,  and  the  air  renewed  several  times  by  filling  up  one 
bottle  with  the  contents  of  the  other,  and  again  dividing  into  two 
l)ortions,  which  are  repeatedly  shaken  with  fresh  air.  Finally,  one 
bottle  being  filled,  the  temperature  of  the  water  is  taken,  and  also 
the  barometric  i)ressure,  after  which  the  bottle  is  allowed  to  stand 
stoppered  for  half  an  hour,  to  get  rid  of  minute  air-bubblcvS.  The 
following  table,  due  to  Roscoe  and  Lunt,  gives  the  volume  of 
oxygen  contained  in  this  standard  aerated  water,  and  the  results 
show-  that  Buns  en's  co-efiicieiits,  previously  used,  are  inaccurate. 
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Oxycea  Diaw>lved  by  DlsUltod  Watar.    6—30°  C. 


Temp. 
C. 

CM.  OxTgen 
N.T>. 

per  liter  Aq. 

50-      i 

8-68 

5-5 

8-58 

60 

8-49 

6-6 

8-40 

70 

8-31 

7-5 

8-22 

8-1) 

813 

8-5 

8-04 

9rO 

7-95 

9-5 

7-86 

100 

7-77 

10-5 

7-68 

110 

7-60 

11-5 

7  52 

120 

7  44 

12-5 

7'3« 

130 

7-28 

13-5 

7-20 

140 

712 

14-5 

7'(yi 

loO 

em 

15-5 

(J-89 

16() 

0-82 

10-5 

6-75 

17*0 

:        6  68 

Diff.  for 
0-5OC, 


17*5 


6-<>l 


o-io 

0*09 
OOi) 
0(W 
0-09 
()(W 
0-09 
0^)9 
0*09 
()01> 
()(>8 
0-08 
008 
(y08 
<)08 
0-08 
0-08 
008 
0-OS 
0-08 
007 
0-07 
0-07 
0-07 
0()7 


Temp. 
C. 


IR-O" 

lH-5 

19-0 

19-5 

200 

20-6 

210 

21-5 

220 

22*5 

230 

23*5 

240 

24*6 

260 

25*5 

260 

265 

270 

27-5 

28-0 

28*5 

290 

29-5 

300 


c.c.  Oxygen 

N.T.P. 
per  liter  Aq. 


Diff.  for 

o*y>  C. 


6-54 
6-47 
6*40 
6-94 
6-28 
6-22 
616 
610 
6-04 
5J)9 
5-94 
5-89 
6-84 
5-80 
5*76 
5-72 
5-68 
5-64 
5-60 
5-57 
5*54 
6*51 
5*48 
5-45 
5-43 


007 

007 

006 

0-06 

0*06 

006 

006 

006 

005 

0*06 

005 

005 

001 

0-04 

0*(H 

0*04 

004 

004 

003 

0-(X3 

003 

0*03 

0-08 

002 


In  this  tabic  tho  results  aro  cahmlated  for  aeration  at  a;i  obtfrvfd 
barometric  pressure  of  760  m.m.  When  the  obserred  pressure  is  below 
760  m.m.  ^^th  the  value  must  Iw  tubtracittd  for  every  10  m.m.  diflf.  The 
same.value  must  be  added  when  the  pressure  is  above  760  m.m. 

The  JCtiimafion :  The  burettes  haviof^  been  filled,  and  a  preliminary  trial 
made — 

(1)  20  c.<\  of  the  wat«r  are  introduced  into  the  small  bottle  and  about 
3  c.c.  of  indigo  solution  addcMl. 

(2)  A  moderate  current  of  hydro>ren  is  passed  through  the  blue  liquid  by 
a  very  fine  jet  for  three  minutes  to  free  both  miter  and  su|)ernatant  gas 
from  free  oxygon. 

(3)  Hyposulphite  is  now  (Mirefully  added,  during  the  flow  of  hydrogen, 
until  the  change  from  blue  to  yellow  occurs,  taking  care  not  tooverste]>  this 
point. 

(4)  A  further  measured  quantity  of  hyposulphite  is  now  added  (say  10  c.c.) 
sutliciont  to  combine  with  all  the  dissolved  oxygen  in  the  volume  of  water 
(50 — 100  c.c.)  proposed  to  be  used  in  the  estimation. 

(5)  The  imix)rtant  point  is,  that  the  water  is  now  quickly  run  in  from 
a  burette  by  a  capillary  tube  i>assing  beneath  the  $urface  of  the  liquid  to  the 
bottom  of  the  vessel.  The  water  is  thus  introduced  into  a  li<iuid  which  will 
at  once  fix  the  free  oxygen  and  thus  prevent  its  diffusion  on  coming  in 
(contact  with  the  hydrogen,  the  reduced  indigo  acting  as  an  indicator  for  the 
(!omplcte  oxidation  of  the  hyposulphite.  The  liquid  is  kept  in  constant 
motion  during  the  addition  of  the  water,  which  is  shut  off  the  moment 
a  permanent  blue  colour  appears. 

T  2 
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(6)  The  blue  is  decolorized  by  a  further  slight  addition  of  hyposulphite. 
The  volume  of  water  used  and  the  total  hyposulphite,  minus  the  first 
addition,  are  noted  and  the  estimation  repeated  for  confirmation. 

* 

When  the  water  contains  very  little  oxygen  the  second  addition 
©f  hyposi^hite  may  be  omitted,  the  reduced  indigo-carmine  being 
sufficient  lb  take  up  all  the  dissolved  oxygen.  In  this  case,  care 
must  be  tiiken  that  the  oxygen  added  should  require  not  more 
than  half  the  hyposulphite  first  added  to  decolorize  the  indigo- 
ttarmine. 

StandardizinflT  the  Hyposulphite. — In  order  to  complete  the 
estimation  it  is  necessary  to  know  the  strength  of  the  hyposulphite 
solution  emi)loyed,  and  for  this  purpose  the  bottle  of  standard 
aerated  distilled  water  is  titrated.  This  method  has  the  great 
advantage  that  it  is  a  titration  carried  out  under  almost  the  same 
conditions  as  the  examination  of  the  sample.  The  result  of  an 
estimation  is  easily  obtained  by  the  following  formula — 

d  X  hs  X  Od 

—        J  .  ~-x  c.Q.  O  per  liter  of  water 

8  X  fid  ^ 

where  d  and  s  =  tlie  volimies  of  distilled  Avater  and  sample 
respectively  used,  hd  and  Jis  =  the  hyposulphite  required  for  the 
distilled  water  and  sample  respectively,  and  Od  the  volume  of 

dissolved  oxygen  contained  in  one  liter  of  the  standard  water. 

« 

Standardizing  the  Indigo. — "When  once  the  hyposulphite  has 
been  carefully  standardized  by  distilled  water,  the  rather  trouble- 
some aeration  may  be  avoided  by  finding  the  oxygen-value  of  tlie 
indigo-carmine  solution.  This  solution  remaining  constant  may  be 
used  for  the  subsequent  standardizing  of  the  hyposuljihite. 

It  is  only  necessary  to  take  a  suitable  quantity  of  indigo  solution, 
diluted  with  water  if  necessary,  free  it  from  all  dissolved  oxygen 
by  a  current  of  pure  hydrogen  continued  for  five  minutes,  then 
carefully  decolorize  with  hyi)osulphite,  the  value  of  which  has 
been  found  by  using  aerated  distilled  water. 

The  authors  show  that  Schutzenberger's  method  of  standard- 
ization, depending  on  the  decolorization  of  ammoniacal  copper 
sulphate,  gives  inaccurate  residts. 

Free  acids  or  alkalies  greatly  disturb  the  process.  Bicarbonates 
have  no  effect.  Of  course  when  other  substances  than  oxygen, 
which  decompose  hyposulphite,  are  present,  the  accuracy  of  the 
method  is  proportionately  disturbed.  The  authors  have  applied  the 
process  to  waters  of  very  varied  character,  and  containing  widely 
different  amounts  of  oxygen,  and  show  that  the  method  is  capable 
of  giving  good  results,  compared  with  the  actual  volume  of  oxygen 
found  by  extracting  the  gases  by  boiling  ifi  vacuo. 

The  delicacy  of  the  reaction  is  such  that  one  part  of  oxygen  in 
tico  million  parts  of  water  is  easily  detected. 
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The  following  numbers  were  obtained  from  five  «lifterent  samples 
of  London  tap-water  collected  on  live  different  days. 


(I) 

(2) 

(3) 

W            (5) 

Nitrojjfen  

Oxygen 

Carbonic  acid   

1 

,C.C.               CO. 

13-22        13-95 
515          5-91 
7-98    ■      9-29 

C.c. 
13-36 

5-38 
6-70 

c.c. 
13-43 
6-31 
7-35 

1 
c.c. 

13-49 

5-80 

811 

Total  gas  

26-35        2915 

25-44 

1 

5-64 
5-38 

2709 

27-40 

Oxygen    by    the    new 

volumetric  method  ... 

Gas  obtained     

1 

5-52    '      613 
5-15          5-91 

6-41 
6-31 

1 

6-24 
5-80 

Diflference 

0-37 

0-22 

0-26 

0-10 

0-44 

Mean  difference 

028  c.c. 

oxygen  per  liter  of 

water. 

The  (ixygen  vahies  obtiiined  by  the  two  methods  show  close 
agreement,  (considering  the  possible  experimental  error  in  so 
complex  a  comparison. 

M.  A.  Adams  describes  and  figures  a  very  convenient  arrange- 
ment for  carrying  out  this  process  {J.  C.  S.  Ixi.  310),  whick  is 
well  adapted  for  technical  work,  and  less  cumbrous  than  the 
apparatus  here  described. 


lodometrio  Method. 

A  simpler  method  than  the  fon^going  has  been  proposed  by 
Thresh  (J,  C,  S,  Ivii.  185),  which  by  comparison  with  Rose oe 
and  Lunt's  metho<l  a])pear«  to  give  satisfactory  results  when 
aerated  distilled  watc»r  was  under  titration,  the  differences  occurring 
only  in  th(i  s(»cond  decimal  place.  The  author  was  led  to 
inve^tigaUj  tlie  method  by  observing  the  large  amount  of  iodine 
which  a  very  minute  quantity  of  a  nitrite  eau.sed  to  be  liberated, 
when  ])otassic  iodide  and  dilute  8ul])huric  acid  were  added  to  water 
containing  it.  The  amount  of  iodine  liberated  varies  with  the 
length  of  exposure  to  air.  If  air  is  excluded  no  increase  of  free 
i<xline  occurs  after  the  first  few  minutes,  and  if  the  water  is 
l^reviously  boiled  and  cooled  in  an  air-free  space  still  less  iodine  is 
liberatetl.  In  this  latter  case  the  action  is  represented  by  the 
equation — 

2HI  -h  2HN02  =  P  +  2H20  +  2NC). 

When  oxygen  has  access  to  the  solution,  the  nitric  oxide  acts  as 
a  carrier,  and  more  hydrogen  ioilide  is  decomposed,  the  nitric  oxide 
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apparently   remaining  unaffected,    and    capable    of   causing    the 
decomposition  of  an  unlimited  quantity  of  the  iodide. 

This  reaction  is  the  one  utilized  in  the  process  devised  by 
Thresh  for  estimating  the  oxygen  dissolved  in  water.  As  16  parts 
by  weight  of  oxygen  will  liberate  254  parts  of  iodine,  thus — 


and  as  the  latter  element  admits  of  being  accurately  estimated, 
tlifioretically  the  oxygen  should  be  capable  of  very  precise 
determination.  Practically  such  is  the  case ;  the  oxygen  dissolved 
in  drinking  waters  admits  of  being  estimated  both  rapidly  and 
with  precision.  It  is  only  necessary  to  add  to  a  known  volume  of 
the  water  a  known  quantity  of  sodic  nitrite,  together  with  excess 
of  potassic  iodide  and  acid,  avoiding  access  of  air,  and  then  to 
determine  volumetrically  the  amount  of  iodine  libcirated.  After 
deducting  the  proportion  due  to  the  nitrite  used,  the  remainder 
represents  the  oxygen  which  was  dissolved  in  the  water  and  in  the 
volumetric  solution  used. 

The  following  are  the  reagents  required  : — 

(1)  Solution  of  sodic  nitrite  and  potassic  iodide  : — 

Sodic  nitrite 0*5  gm. 

Potassic  iodide 20*0  gm. 

Distilled  water 100  c.c. 

(2)  Dilute  sulphuric  acid  : — 

Pure  sulphuric  acid 1  part. 

Distilled  water 3  parts. 

(3)  A  clear  fresh  solution  of  starch. 

(4)  A  volumetric  solution  of  sodic  thiosulphate  : — 

Pure  crystals  of  thiosulphate,  7*75  gm. 

Distilled  water  to  1  liter. 

1  c.c.  corresponds  to  0*25  milligram  of  oxygen. 

The  apparatus  required  is  very  simple,  and  can  readily  be  fitted 
up.  I,t  consists  of  a  wide-mouthed  white  glass  bottle  (A,  fig.  50) 
of  about  500  c.c.  capacity,  closed  with  a  caoutchouc  stopper  having 
four  perforations.  Through  one  passes  the  tube  B,  drawn  out  at 
its  lower  extremity  to  a  rather  fine  point,  and  connected  at  the 
upper  end,  by  means  of  a  few  inches  of  rubber  tubing,  with  the 
burette  C,  containing  the  thiosulphate.  Through  another  oj>ening 
passes  the  nozzle  of  a  separatory  tube  D,  having  a  stopper  and 
stopcock.  The  capacity  of  this  tube  when  full  to  tlie  stopi>cr 
nuist  be  accurately  determined.  Through  the  third  oj)ening  passes 
a  tube  E,  which  can  be  attached  to  an  ordinary  gas  supply.  Through 
the  last  aperture  is  passed  another  tube,  for  the  gas  exit,  and  to 
this  is  attached  a  sufftcient  length  of  rubber  tubing  to  enable  tlie 
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cork  G  at  its  oml  to  lx»  ])laceil  in  tiie  neck  of  the  tube  T)  when  the 
stopper  i8  removed.  A  small  piece  of  glass  tube  proj(»(;t«  tlirongli 
the  cork,  to  allow  of  the  escaping  gas  being  ignited. 

The  ai)paratus  is  used  in  the  following  manner : — The  l)ottle  A 
being  cleaned  and  dry',  the  i^erforated  bung  is  inserted,  the  burette 
diarged,  and  the  tube  B  fixed  in  its  place.  E  is  connected  with 
the  gas  supply.  The  tube  J)  is  filled  to  tlie  level  of  the  stopper 
with  the  water  to  be  examine<l,  1  c.c.  of  the  solution  of  sodic 
nitrite  and  jwtassic  icnlide  added  fn»m  a  1  c.c.  pipett<',  then  1  c.c. 
of  the  dilute  acid,  and  the  stopper  instantly  fixed  in  its  place, 
displacing  a  little  of  tlie  wattir,  and  including  no  air.  If  the 
l»ipett<^  be  held  in  a  vertical  ix>sition  with  its  tip  just  under  the 
surfa(!e  of  the  water,  both  the  saline  solution  and  the  acid,  being 
much  denser  than  the  water,  flow  in  a  sharply  delined  column  to 
the  lower  ]>art  of  the  tube,  so  that  an  infinitesimally  small  <piantity 


(if  any)  is  lost  in  the  water  wliich  »)verllows  when  the  sto])i)oi'  is 
inserted.  The  tube  is  next  turned  upside  down  for  a  few  seconds 
for  uniform  admixture  to  take  ]>lace,  and  then  the  nozzle  is  pushed 
through  the  bung  of  the  bottle,  and  the  whole  allowed  to  remain 
at  rest  for  15  minutes,  to  enable  the  reaction  to  become  complete. 
A  rapid  current  of  coal  gas  is  now  |>assed  through  the  bottle  A, 
until  all  the  air  is  displaced  and  the  gas  Imrns  at  (I  with  a  full 
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liiniiuoiis  flame ;  the  flame  is  now  extinguislied,  the  stopper  of  D 
removed,  and  the  cork  G  rapidly  inserted.  On  turning  the  stop- 
cock, the  water  flows  into  the  bottle  A.  The  stopcock  is  turned 
off,  the  cork  G  removed,  and  the  supply  of  gas  regulated  so  that 
a  small  flame  only  is  produced  when  this  gas  is  ignited  at  G. 
Thiosulphatc  is  now  run  in  slowly  until  the  colour  of  the  iodine  is 
nearly  discharged.  A  little  solution  of  starch  is  then  poured  into 
D,  and  about  1  c.c.  allowed  to  flow  into  the  bottle  by  turning  the 
stopcock.  The  titration  with  thiosulphate  is  then  completed. 
After  the  discharge  of  the  blue  colour,  the  latter  returns  faintly  in 
the  course  of  a  few  seconds,  due  to  the  oxygen  dissolved  in  the 
volumetric  solution ;  after  standing  about  two  minutes,  from  0*05 
to  0*1  c.c.  of  thiosulphate  must  be  added  to  effect  the  final 
discharge.  The  amount  of  volumetric  solution  used  must  now  be 
noted.  This  will  re])resent  a,  the  oxygen  dissolved  in  the  water 
examined,  +  b,  the  nitrite  in  the  1  c.c.  of  solution  used,  and  the 
oxygen  in  the  acid  and  starch  solution  +  r,  a  portion  of  the  dissolved 
oxygen  in  the  volumetric  solution.  To  find  the  value  of  a,  it  is 
obvious  that  h  and  c  must  be  ascertained.  This  can  be  effected  in 
many  ways,  and  once  known  does  not  require  re-<letermination 
unless  the  conditions  are  changed. 

To  Find  the  Value  of  h. — Probably  the  best  plan  is  to  complete 
a  determination  as  above  described,  and  th5n,  by  means  of  the 
stoppered  tube,  introduce  into  the  bottle  in  succession  5  c.c.  of 
nitrite  solution,  dilute  acid,  and  starch  solution.  After  standing 
a  few  mimites,  titrate.  One-fifth  of  the  thiosulphate  used  will  be 
the  value  required. 

To  Find  the  Value  of  c, — This  correction  is  a  comparatively 
small  one,  and  admits  of  determination  with  sufficient  accuracy  if 
it  is  assumed  that  the  thiosidphate  solution  normally  contains  as 
much  dissolved  oxygen  as  distilled  water  saturated  at  the  same 
temperature.  Complete  a  determination  as  above  described,  then 
remove  the  stoppered  tube,  and  insert  a  tube  similar  to  that 
attached  to  the  burette,  and  drop  in  from  it  10  or  20  c.c.  of 
saturated  distilled  water  exactly  as  the  thiosulphate  is  dropped  in. 
Allow  to  stand  a  few  minutes  and  titrate.  One-tenth  or  one- 
twentieth  of  the  volumetric  solution  used,  according  to  the 
number  of  c.c.  of  water  added,  will  represent  the  correction  foir 
each  c.c.  of  volumetric  solution  used.     Call  this  value  d. 

Let  e  be  the  number  of  c.c.  of  thiosulphate  used  in  an  actual 
determination  of  the  amount  of  oxygen  in  a  sample  of  water ; 

/=  the  capacity  in  c.c.  of  the  tube  employed  -  2  c.c,  the  volume 

of  reagents  added ; 
g  =  the  amount  of  oxygen  in  milligrams  dissolved  in  1  liter  of 

the  water ; 

.,  1000,       ,        ,. 

then  n  —  —  ,^(€-o-  ed) 
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With  a  tube  maile  to  hold  exactly  250  c.c,  the  most  convenient 
quantity  to  use,  — — -  Ijeconies  unity,  and 

In  the  author's  experiments  two  nitrite  solutions  were  used ; 
in  the  first  ^=2*1  c.c.,  in  the  second  31  c.c.  A  number  of 
determinations  of  d  were  maile,  at  temperatures  varying  from 
40°  to  60^  F.  The  value  of  d  was  found  to  vary  between  0*03 
and  0*03 15.  In  all  the  author's  recent  experiments  d  was  taken 
as  0031. 

When  e  =  3  c.c.  the  reaction  seems  to  be  complete  in  five 
minutes,  but,  to  be  on  the  safe  side,  it  is  better  to  fix  the  minimum 
at  fifteen  minutes. 

The  use  of  coal-giis  is  recommended  by  the  author  without 
l»a8sing  it  over  alkaline  pyrogallol  or  otherwise  treating  it  before 
allowing  it  to  pass  tlirough  tlie  apparatus. 

The  results  obtained,  however,  can  be  made  to  vary,  the  extreme 
limit  being  less  than  0*5  milligram  of  oxygen  per  liter  of  water, 
using  250  c.c.  for  the  estimation.  To  quote  an  extreme  case.  In 
one  ex])eriment  (1),  after  the  air  ha«l  been  wholly  expelled  from 
the  bottle  A,  no  more  gas  was  passed  through,  and  the  titration 
was  effected  in  the  closed  a]>paratu8,  the  volumetric  solution  being 
run  in  as  rapidly  as  possible.  The  end-reaction  was  not  well 
defined.  In  the  second  experiment  (2),  the  volumetric  soluticm 
was  run  in  very  slowly  drop  by  drop,  and  a  brisk  current  of  gas 
was  kept  passing  through  the  apparatus.  Knd-reaction  well 
defined. 


Volume  of  water. 

ThioBulphate. 

Oxygen  per  liter. 

(1) .. 

....     322  C.C. 

15-35  C.C. 

9*14  milligrams. 

(-')  - 

U-9      „ 

8-80 

Tlie  difference  is  probably  due  to  nearly  all  the  oxygen  dissolved 
in  thiosulphate  being  used  up  in  the  first  case,  and  being  lost  by 
diffusion  in  the  second. 

In  tlie  examination  of  waters  from  various  sources,  and  making 
the  experiments  in  pairs,  using  tubes  of  difierent  sizes,  the  author 
found  that  exceedingly  concordant  results  could  easily  bo 
obtained. 

In  estimating  the  oxygen  in  distilled  water  saturated  with  air, 
the  author  found  that  the  results  at  25**  and  30°  C.  were  higher 
than  those  obtained  by  Roscoe  and  Lunt,  whilst  at  the  lower 
temperatures  they  were  almost  identical,  and  it  occurred  to  him  that 
the  difference  was  probably  due  to  the  mode  of  saturation.  The 
agitation  in  a  couple  of  Winchesters  was  done  as  directed  by 
them,  but  the  water  used  had  been  previously  saturated  at  the 
lower  temperatures,  and  probably  was  slightly  super-saturated. 
A    further  series  of   experiments  were    then  made  with  freshly- 
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distilled  water,  which  was  not  agitated  with  air  until  it  had 
attained  the  desired  temperature.  The  results  proved  that  this 
surmise  was  correct.  Probably  some  such  explanation  accounts  for 
the  uniformly  higher  results  obtained  by  Dittmar. 

No  doubt  there  will  be  exceptional  cases  in  which  the  process 
cannot  bo  used,  and  others  in  which  some  modification  may  be 
recjuired.  A  water  containing  nitrites  will  require  the  amount  of 
the  nitrous  acid  to  be  determined  if  tlie  utmost  accuracy  is 
required.  (A  water  containing  1  part  of  HXO-  in  1,000,000,  will 
.  affect  the  results +  0*1 7  milligram  of  oxygen  per  liter,  94  parts 
of  the  acid  corresponding  to  16  of  oxygen).  Where  nitrites  are 
present  in  sufficient  quantity  to  interfere,  the  amount  may  be 
determined  by  any  of  the  ordinary  processes,  but  the  author 
prefers  the  following  method : — 

To  250  c.c.  of  the  water  to  be  examined,  rendered  faintly 
alkaline  if  not  already  so,  add  a  few  drops  of  strong  solution  of 
potassic  iodide,  and  boil  vigorously  for  a  few  minutes.  Then 
transfer  to  the  bottle  A  used  in  the  oxygen  determination,  and 
allow  to  get  quite  cold  in  a  slow  current  of  coal  gas.  Then  add 
a  few  drops  of  dilute  sulphuric  acid  and  solution  of  starch,  and 
titrate  with  the  thiosulphate.  The  correction  to  be  made  in  the 
.  oxygen  determination  is  thus  ascertained.  One  or  two  experi- 
mental results  may  be  quoted. 

i  Quantity    Tliiosulpbate  corrected.    MilUgrams  of 

of  water. ;  tuaed.  ^"^'^     oxygen  per  liter. 


1  iTapwator    232r>  132  97  10-43 

i'   Tap  water  +  5  inilli-  ")  , 

2  .      pjrams  commercial  [  232' 5  15-95  955  1027 
(J      sodic  nitrite    » 

V    Tapwater  +  lOmilli-  >    32..  ^^.^  3.43  iQ-jg 

t       grams  sodic  mtrit<»  s 


In  number  2,  the  thiosulphate  used  by  250  c.c.  of  the  boiled 

water  was  2*8  c.c. 
In  ninnber  3,  the  thiosulphate  used  by  250  c.c.  of  the  boiled 
wat(;r  was  5*45  c.c. 

The  results  are  fairly  satisfactory,  even  with  such  large  pro- 
jiortions  of  nitrite,  proportions  far  larger  than  are  likely  to  be  met 
with  in  practice. 

>»itrjites  do  not  interfere,  even  when  present  in  large  quantities  ; 
but  fresh  urine,  when  present  to  the  extent  of  1  per  cent.,  has 
a  small  but  very  appreciable  effect. 

The  following  is  an  example  of  the  method  at  ordinary 
temperature : — 
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TemperatHre  1.5°  C. 
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Qtuuatitir  of 
water  taken. 

Thiosutnhate 

UMll. 

c      h      ed. 

MiUitriumii  of 
Oxygen  ]>er  liter. 

Differeuce 
from  mean 

1... 

2... 
3  ! 

4... 

3220 
322-0 
232-5 
232-5 

15-45 
15-55 
llOO 

11-70 

12-87 
12-97 

9-43 

9-23 

Monn . . . 

9-00 

1007 

10-14 

9-92 

—0-04 
+  0-04 
+  0-11 
—Oil 

10-03 

_.  .     

Barometer  reading  30  in. 
1003  miUiKramB=702  c.c.  at  N.P.T. 


Rose 00  and  Lunt  found  G-{H> 


I) 


I>ifference  +  006. 


Hydroffen  Peroxide. 
11^0-5  =  34. 

Tills  substance  is  now  largely  used  in  commerce,  and  is  sold 
AS  containing  5,  10,  or  20  volumes  of  oxygen  in  solution.  This 
^should  mean  that  the  specified  number  of  volumes  can  be  obtained 
from  the  solution  itself,  but  preparations  are  sent  into  the  market 
under  false  pretenc(»s.  A  so-called  10  volume  solution  gives,  it  is 
true,  10  volumes  of  ()  when  decomposed  gasometrically  with 
j>ernianganato,  but  5  volumes  of  the  0  conies  from  the  per- 
manganate itself,  and  therefore  such  a  solution  is  really  only  5 
volume.  A  tnie  10  volume  solution  should  yield  from  itself,  when 
fully  decomjwsed,  t<;n  times  its  volume  of  ( ),  and  contiiin  by  weight 
3*04  per  cent,  of  H'-'O-  or  I'-^.S  per  cent,  by  weight  of  <). 

Kingzett  (J.  C.  S,  1H80,  792)  has  clearly  shown  that  the  best 
and  most  rapid  estimation  of  the  hydrogen  ^Kiroxide,  contained  in 
any  given  solution  of  it,  is  made  by  iodine  and  thiosulphate  in  the 
presence  of  a  tolerably  large  excess  of  sulphuric  acid,  the  reaction 
being — 

2HI  +  UKy  =  2H20  -f  P. 

The  function  performed  by  the  sulphuric  avid  is  difficult  of  ex- 
planation, but  the  want  of  uniformity  in  tlu»  reaction  exiKsrienced 
by  many  oi>enitoi-s  no  doubt  has  arisen  from  the  use  of  insufficient 
acid. 

Procegt :  Kin^^zct  t*8  consists  in  mixing  10  c.c.  of  the  peroxide  solution 
to  be  oxamiiicd  with  about  30  c.c.  of  diluto  sulphurio lOsid  (I  :  2)  in  a  lieaker, 
adding  cryst'ils  of  ]>ota8Mic  iodide  in  sufficient  quantity,  and  after  standing 
five  minutes  titrating  the  liberated  iodine  with  j^  tbi^ulphate  and  stjirch. 
The  )K>n)xide  solution  should  not  exceed  the  streojfllu of  2  volumes;  if 
stronger,  it  must  l)e  diluted  pro]K)rtionately  before  the  ahalv«is. 

In  the  caiie  of  a  very  weak  solution  it  will  be  advisable  to  titrate  with 
i?,r,  thiosulphate. 

1  c.c.  I'V  thiosulphate  —  00017  gm.  H=0=  or  00016  Km.  O. 
The  estimation  of  this  substance  may  also  l)e  readily  made  in  the 


I 
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absence  of  organic  or  other  reducing  matters  by  weak  standard  per- 
manganate in  the  i)resence  of  free  sulphuric  acid,  the  permanganate 
being  added  until  a  faint  rose  colour  occurs :  the  reaction  is — 

2KMn(.H  +  5H-'02  +  3H^\S0^  =  K^SO**  +  2MnS0*  +  HRK)  +  502. 

Process:  To  about  500  c.c.  of  water  in  a  white  porcelain  dish  there  in 
added  5  c.c.  of  dilute  H*SO^,  and  then  suflTicient  permanganate  to  ^ve 
a  faint  persistent  pink  'colour.  5  c.c.  of  the  peroxide  solution  are  then 
pipetted  into  the  mixture,  and  standaM  permanganate  containing  2'625  gm. 
per  liter  run  in  until  the  colour  no  longer  disappears.  The  number  of  c.c. 
used,  divided  by  ten,  gives  the  volume  of  oxygen  liberated  by  each  c.c.  of 
the  hydrogen  peroxide. 

Carpenter  and  Nicholson  {Analyst  ix.  36)  rei^rt  a  series 
of  experiments  on  the  analysis  of  hydrogen  peroxide,  both  by  the 
iodine  and  permanganate  methods. 

The  conclusion  they  arrive  at  is,  that  the' process  of  Kingzett 
is  accurate,  but  in  their  hands  somewhat  tedious,  owing  to  slow 
decomposition  towards  the  end.  Kingzett  however  states  that  if 
a  volume  of  strong  sulphuric  acid  equal  to  the  peroxide  taken  be 
used,  and  especially  if  the  dilute  solution  be  slightly  warmed,  the 
reaction  is  complete  in  a  few  minutes,  and  this  is  my  own 
experience. 

Sodio  Peroxide. 

L.  Archbutt  (AnaJf/sf  xx.  5)  gives  the  results  ot.  some 
experiments  on  the  estimation  of  the  oxygen  contained  in  this 
substance,  and  found  that  a  near  approximation  to  the  truth  could 
be  obtained  by  simple  titration  with  permanganate,  the  peroxide 
(one  or  two  decigrams)  being  added'  to  cold  water  acidified  with 
H^SO*  contained  in  a  white  dish,  and  jjj  permanganate  dropjied  in 
with  stirring,  until  the  colour  became  i)ermanent;  but  a  more 
exact  method  would  be  to  add  a  known  weight  of  the  peroxide  to 
an  excess  of  ^fj  permanganate,  previously  mixed  with  dilute 
IPSO*,  anil  titrate  for  the  excess  of  permanganate  w4th  y^  oxalic 
acid.  Archbutt,  however,  prefers  to  use  the  nitrometer,  and 
recommends  the  following  procedure :  about  0*25  gm.  of  the 
substance  is  placed  in  the  dry  tube  of  the  nitrometer  tlask,  and  in 
the  flask  itself  about  5  c.(;.  of  pure  water,  containing  in  suspension 
a  few  milligrams  of  precipitated  cobalt  sesfjui-oxide,  this  latter 
reagent  brings  about  a  raind  and  complete  decomposition  of  the 
peroxide,  the  volume  of  oxygen  evolved  being  the  available  oxygen 
in  the  sample. 

PHOSPHORIC    ACID    AND    PHOSPHATES. 

§  72.  The  estimation  of  phosphoric  acid  volumetrically  may 
be  done  with  more  or  less  accuracy  by  a  variety  of  processes,  among 
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which  may  be  mentioned  tliat  of  ^[ohr  a«  lead  phosphate,  the 
indirect  method  as  silver  phosphate^,  (tlie  excess  of  silver  being  foimd 
by  thiocyanate),  by  standard  uranium  nitrate  or  acetate,  by 
Pemberton's  method  as  phospho-molybdate,  or  when  existing 
only  as  monocalcic  phos])hate,  by  standard  alkali,  as  recommended 
by  ^[  o  1 1  e  n  d a  or  Y.  m  m  e  r I  i  n  g .  These  processes  are  mainly  useful 
in  the  case  of  manures,  or  the  raw  i>hosphates  from  which  manures 
are  manufactured,  and  for  VH  )^  in  Jifine,  etc.  For  the  purpose 
mentioned,  tliat  is  to  say,  when  in  combination  witli  alkaline  or 
earthy  alkaline  bases  and  moderate  (piantities  of  iron  or  alumina, 
phosphoric  acid  may  be  estimated  volumetrically  with  very  fair 
accuracy,  and  with  much  greater  rapitlity  than  by  gravimetric 
means  as  usually  carried  out.  This  remark,  however,  can  only  be 
api)lied  to  unuiium  or  molybdenum  methods  ;  therefore  only  these 
will  be  described. 

1.    Precipitation  as  Uranio  Phosphate  in  Acetic  Acid  Solution. 

This  methcMl  is  based  on  the  fact  that  when  uranic  acetate  or 
nitrate  is  added  to  a  neutral  solution  of  tribasic  phosphoric  acid, 
such,  for  instance,  as  so<lic  orthophosphate,  the  whole  of  the 
phosphoric  acid  is  thrown  down  as  yellow  uranic  phosphate  Ur^O'*, 
P-()''  +  Aq.  Should  the  solution,  however,  contiiin  free  mineral 
acid,  it  must  be  neutralized  with  an  alkali,  and  an  alkaline  acetate 
added,  ti^gether  with  excess  of  free  acetic  acid.  In  case  of  using 
ammonia  and  jimniunic  acetate,  the  whole  of  the  i»hosphoric  acid 
is  thrown  down  as  double  phosphate  of  uranium  and  ammonia, 
having  a  light  lemon  colour,  and  the  composition  Ur-O'^ 
2(NH'*<.)),  P*-()''  +  A(p  AVhen  this  precipitate  is  washed  with  hot 
water,  dried  and  burned,  the  ammonia  is  entirely  dissipated  leaving 
uranic  pluxsphate,  which  possesses  the  formula  Ur-O-*,  P'-O'',  and 
contains  in  100  parts  80*09  of  uranic  oxide  and  19 '91  of  phosphoric 
acid.  In  the  presence  of  fixed  alkalies,  instead  of  ammonia,  the 
precipitiite  consists  simply  of  uranic  phosphate.  ]iy  this  methml 
phosphoric  acid  may  be  completely  removed  from  all  the  alkalies 
and  alkaline  earths ;  also,  with  a  slight  modification,  from  iron ; 
not,  however,  satisfactorily  from  alumina  when  present  in  any 
quantity. 

The  details  of  the  gravimetric  process  were  fully  described  by 
me  {C.  N.  i.  97 — 122),  and  immediately  after  the  i)ublication  of 
that  article,  while  employed  in  further  investigation  of  the  subject, 
I  devised  the  volumetric  method  now  to  bQ  described.  Since  that 
time  it  has  come  to  my  knowledge  that  Xeubauor*  and  Pincust 
had  indeijcndently  of  each  other  and  myself  arrived  at  the  same 
])rocess.  This  is  not  to  be  wondered  at,  if  it  be  considered  how 
easy  the  step  is  from  the  ordinary  determination  by  weight  to  that 

*  Att'hiv.fHi'  iri(NU'n»chilf cliche  Ueilkunde,  iv.  22S, 
^Journal  f&r  Pratf.  Chcm.  btxvi.  104. 
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by  measure,  when  the  delicate  reaction  between  uranium  and 
potassic  ferrocyanide  is  kncvvn.  Moreover,  the  great  want  of  a 
really  good  volumetric  process  for  phosphoric  acid  in  place  of  those 
hitherto  used  has  been  felt  by  all  who  liave  anything  to  do  with  it, 
and  consequently  the  most  would  be  made  of  any  new  method 
possessing  so  great  a  claim  to  accuracy  as  the  gravimetric  estimation 
of  phosphoric  acid  by  uranium  undoubtedly  does. 

Conditions  under  which  aconracy  may  be  insnred. — Objections 
have  been  urged,  not  without  reason,  that  this  process  is  inaccurate, 
because  varying  amounts  of  saline  substances  have  an  influence 
upon  the  production  of  colour  with  the  indicator.  Again,  that 
very  different  sliades  of  colour  occur  with  lapse  of  time.  This 
is  all  true,  and  the  analysis  is  unfortunately  one  of  that  class  which 
requires  uniform  conditions;  but  when  the  source  of  irregularity  is 
known,  it  is  not  difficult  to  obviate  them.  Therefore  it  is  absolutely 
essential  that  the  standardizing  of  the  uranium  solution  should  be 
done  under  the  same  conditions  as  the  analysis.  For  instance,  a 
different  volume  of  uranium  will  be  required  to  give  the  colour  in 
the  presence  of  salts  of  ammonia  to  tliat  which  would  be  necessary 
with  the  salts  of  the  fixed  alkalies  or  alkaline  eartlis.  But  if  the 
standard  solution  is  purposely  adjusted  with  ammonia  salts  in  about 
the  same  proportion,  tlie  difficulties  all  vanish.  Fortunately  this 
can  be  easily  done,  and  as  the  chief  substances  rcijuiring  analysis 
are  more  or  less  ammoniacal  in  their  composition,  such  as  urine, 
manures,  etc.,  no  practical  difficulty  need  occur. 

Excessive  quantities  of  alkaline  or  earthy  salts  modify  the  colour, 
but  especially  is  it  so  with  acetate  or  citrate  of  ammonia.  For  this 
reason  it  is  necessary  to  ensure  the  complete  washing  of  the  citro- 
magnesian  precipitate,  where  that  method  of  separating  P^O^  Is 
adopted  previous  to  titration. 

2.     Sstimation  of  Phosphoric  Acid  in  combination  with  Alkaline 
Bases,  or  in  presence  of  small  quantities  of  Alkaline  Earths. 

The  necessary  materials  are — 

(a)     A  standard  solution  of  Uranium,  1  c.c.  =0*005  gm.  P^O^. 

{h)     A  standard  solution  of  tribasic  Phosphoric  acid. 

(c)  A  solution  of  Sodic  acetate  in  dilute  acetic  acid,  made  by 
dissolving  100  gm.  of  sodic  acetate  in  water,  adding  50  c.c.  of 
glacial  acetic  acid,  and  diluting  to  1  liter.  Exact  quantities  are 
not  necessary. 

(d)  A  freshly  prepared  solution  of  I^otiissic  ferrocyanide,  or 
some  finely  powdered  pure  crystals  of  the  same  salt. 

Standard  Solution  of  Uranium. — This  solution  may  consist 
either  of  uranic  nitrate  or  acetate.  An  approximate  solution  is 
obtained  by  using  about  35  gm.  of  cither  salt  to  tlie  liter. 
In  using  uranic  nitrate  it  is  imperative  that  the  sodic  acetate 
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should  be  addcil  in  order  to  avoid  the  possible  occurrence  of  free 
nitric  acid  in  the  solution.  With  acetftte,  however,  it  may  be 
omitted  at  the  discretion  of  the  operator,  but  it  is  important 
that  the  method  used  in  standardizing  the  uranium  be  invariably 
adhered  to  in  the  actual  analysis.  The  solution  should  be  perfectly 
clear  and  free  from  basic  salt.  Whether  made  from  acetate  or 
nitrate,  it  is  advisable  to  include  about  50  c.(;.  of  pure  glacial  acetic, 
or  a  corresponding  quantity  of  weaker  acid  to  each  liter  of 
solution ;  exposure  to  light  has  then  less  reducing  action. 

My  own  practice  is  to  use  in  all  cases  acetate  solution,  and 
dispense  entirely  with  the  addition  of  sodic  acetate. 

3.    Titration  of  the  XTraniuxn  Solution. 

Standard  PhoBphorio  Acid. — When  the  uranium  solution  is  not 
required  for  phospliate  of  lime,  it  may  be  titrated  upon  ammonio- 
sodic  phosphate  (microcosmic  salt)  as  follows : — 5*886  gm.  of  the 
crystallized,  non-eiHoresced  salt  (previously  powdered  and  pressed 
between  bibulous  paper  to  remove .  any  adhering  moisture)  are 
weighed,  dissolved  in  water,  and  diluted  to  1  liter.  50  c.c.  of  this 
solution  will  represent  0*1  gm.  of  F-0^* 

Procets :  50  c.c.  of  this  solution  are  meamircd  into  a  small  beaker,  5  c.c.  sodio 
acetate  solution  added  if  uranic  nitrate  is  to  be  used,  and  the  mixture  heated  to 
90''  or  100"  C.  The  uranium  solution  is  then  delivered  in  from  a  burette, 
divided  into  ^V  <^c.,  until  a  test  taken  shall  show  the  A\^\ii  predominance  of 
uranium.  This  is  done  by  spreadin^,^  a  drop  or  two  of  the  hot  mixture  upon 
a  clean  white  level  plate,  and  brin^pnjsf  in  contact  with  the  middle  of  the  drop 
a  small  ^fxsis  rod  moistened  with  the  freshly  made  solution  of  fcrrocyanide, 
or  a  dust  of  the  powdered  stdt.  The  occurrence  of  a  faint  brown  tin«;e  shows 
an  exo&«  of  uranium,  the  slightest  amount  of  which  produces  a  brown 
precipitate  of  uranio  ferrocyanide. 

A  second  or  third  titration  is  then  made  in  the  same  way,  so  as 
to  arrive  exactly  at  the  strength  of  the  uranium  solution,  which 
is  then  diluted  and  re- titrated,  imtil  exactly  20  c.c.  are  required  to 
produ(;e  the  necessary  reaction  with  50  c.c.  of  phosphate. 

Suppose  18*7  c.c.  of  the  uranium  solution  have  been  re<iuired  to 
produce  the  colour  with  50  c.c.  of  phosphate  solution,  then  every 
18*7  c.c.  will  have  to  be  diluted  to  20  c.c.  in  order  to  be  of  the 
proper  strength,  or  935  to  1000.  After  dilution,  two  or  three 
fresh  trials  must  be  made  to  insure  accuracy. 

It  is  of  considerable  importance  that  the  actual  experiment  for 
estimating  phosphoric  acid  by  means  of  the  uranium  solution 
should  tiike  place  with  about  the  same  bulk  of  fluid  that  has 
been  used   in  standardizing  the  solution,  and  with  as  nearly  as 

*  W.  B.  G  i  1  o  8 ,  who  ha«  had  Kreat  exp«rieuce  in  the  determhiation  of  phoBphoric  acid 
iu  various  forms,  has  called  my  attention  to  dihydric  potoasic  phosphate,  KU-PCH,  as  an 
excellent  form  of  salt  for  a  standard  solution.  The  sample  sent  to  me  was  in  heaiitifullv 
formed  crystals  which  do  not  alter  on  ezi>OBure  to  the  air,  and  makes  a  solution  whicu 
keeps  clear.  Every  one  knows  how  unsatisfactory  sodic  phosphate  is,  both  as  to  its 
state  of  hydration  and  its  keeping  qualities  iu  solutiou :  the  microcosmic  salt  is  better, 
but  iu  opeu  to  objection  on  the  score  of  indefinite  hydration.  If  the  potassium  salt  ia 
used,  a  standard  solution  of  the  proper  strength  is  made  by  diBsolriug  3*83  gm.  in  a  liter. 
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possible  the  same  relative  amount  of  sodic  acetiite,  and  the 
production  of  the  same  deptli  of  colour  in  testing.  Hence  the 
])roportions  here  recommended  have  been  chosen,  so  that  50  c.c.  of 
liquid  shall  contain  0*1  gm.  P'^O^. 

Standard  Pbosplioric  Acid  correBpondinflr  volume  for  volmne  with 
Standard   Uianium. — This    solution    is    obtained    by    dissolving 

14*715  gm.  of  microcosmic  salt  in  a  liter,  and  is  two  and  a  half 
times  the  strength  of  the  solution  before  described ;  it  is  used  for 
residual  titration  in  case  the  required  volume  of  uranium  is  over- 
stepped in  any  given  analysis. 

A  little  practice  enables  the  operator  to  tell  very  (piickly  the 
precise  point ;  but  it  must  be  remembered  that  when  the  two  drops 
are  brought  together  for  the  production  of  the  chocolate  colour, 
however  faint  it  seems  at  first,  owing  to  the  retarding  action  of  the 
sodic  acetate  and  acetic  acid  upon  the  formation  of  uranic 
ferrocyanide,  if  left  for  some  little  time  the  colour  increases  con- 
siderably ;  but  this  has  no  effect  upon  the  accuracy  of  the  process, 
since  the  original  standard  of  the  solution  has  been  based  on  an 
experiment  conducted  in  precisely  the  same  way. 

Process :  In  estimatinjir  unknown  quantities  of  P-0^  it  is  necessary  to  have 
an  approximate  knowledge  of  the  amount  in  any  given  material,  so  as  to 
fulfil  as  nearly  as  possible  the  conditions  laid  down  above ;  that  is  to  say, 
50  t'.f.  of  solution  shall  contain  about  0*1  gm.  P-O,  or  whatever  other  pro- 
portion may  have  been  used  in  standardizing  the  uranium. 

The  compound  containing  the  P-0^  to  be  estimated  is  dissolved  in  water ; 
if  no  ammonia  is  present,  1  c.c.  of  10  i)er  cent,  solution  is  dropped  in  and 
neutralized  with  the  least  possible  quantity  of  acetic  acid  (also  5  c.c.  of  sodic 
acetate  if  uranic  nitrate  has  t«  be  used),  and  the  volume  made  up  to  about 
-50  c.c,  then  heated  to  about  00"  C.  on  the  water  bath,  and  the  uranium 
solution  delivered  in  cautiously,  with  frequent  testing  as  above  described, 
until  the  faint  brown  tinge  appears. 

The  first  trial  will  give  roughly  the  amount  of  solution  required,  and 
laking  that  as  a  guide,  the  operator  can  vary  the  amount  of  liquid  and  sodic 
acetate  for  the  final  titration,  should  the  proportions  be  found  widely 
differing  from  those  under  which  the  strength  of*  the  uranium  was 
originally  fixed. 

Each  c.c.  of  uranium  solutiou=K)005  gm.  P-O^. 

■4i.  Estimation  of  Phosphoric  Acid  in  combination  with  Lime  and 
Magnesia  (Bones,  Bone  Ash,  Soluble  Phosphates,  and  other 
Phosphatic  Materials,  free  from  Iron  and  Alumina). 

The  procedure  in  these  cases  differs  from  the  foregoing  in  two 
respects  only ;  that  is  to  say,  the  uranium  solution  is  preferably 
standardized  by  tribasic  calcic  phosphate ;  and  in  the  process  of 
titration  it  is  necessary  to  add  nearly  the  full  amount  of  uranium 
required  before  heating  the  mixture,  so  as  to  prevent  the  precipita- 
tion of  calcic  phosphate,  which  is  apt  to  occur  in  acetic  acid 
solution w^hen  heated;  or  the  modification  adopted  by  Fresenius, 
Xeubauer,  and  Luck,  may  be  used,  which  consists  in  reversing 
the  process  by  taking  a  measured  volume  of  uranium,  and  delivering 
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into  it  the  solution  of  phosphate  until  a  drop  of  the  mixture  ceases 
to  give  a  hrown  colour  with  ferrocyaniJe.  Tliis  plan  gives,  how- 
(?ver,  much  more  trouble,  and  possesses  no  advantage  on  the  score 
of  accuracy,  l>ecau8e  in  any  case  at  least  two  titrations  must  occur, 
and  the  first  being  made  somewhat  roughly,  in  the  onlinary  way, 
shows  within  1  or  2  c.c.  the  volume  of  standard  uranium  reciuired ; 
and  in  the  final  trial  it  is  only  necessary  to  add  at  once  nearly  the 
<iuantity,  then  heat  the  mixture,  and  finish  the  titration  by  adding 
a  drop  or  two  of  \iranium  at  a  time  tmtil  the  required  colour  is 
obtiiined. 

This  reversed  process  is  strongly  advocated  by  many  operators, 
but  except  in  nire  instances  I  fail  to  see  its  superiority  to  tlie  direct 
method  for  general  use.  The  best  modification  to  adopt  in  the 
reverse  process  is  to  use  invariably  an  excess  of  \iranium,  and  to 
titrate  back  with  standard  phosphate  solution  till  the  colour 
disapj)ears ;  this  avoids  all  the  trouble  of  preparing  and  cleaning 
a  burette  for  the  solution  to  be  analyzed,  and  if  a  standard  phosphate 
is  made  to  corresiwnd  volume  for  volume  with  the  uranium,  an 
analysis  may  always  be  brought  into  order  at  any  stage. 

Standard  Caloio  Phosphate. — It  is  not  safe  to  depend  upon  the 
usual  preparations  of  tricalcic  phosphate  by  weighing  any  given 
(piantity  direct,  owing  to  uncertainty  as  to  the  state  in  which  the 
phasphoric  ac-id  may  exist ;  therefore,  in  order  to  titrate  the 
uranium  solution  with  calcic  phosphate,  it  is  only  necessary  to 
tiike  rather  more  than  5  gm.  of  precipitated  pure  tricalcic  phosphate 
s\Kh  as  occurs  in  commerce,  dissolve  it  in  a  slight  excess  of  dilute 
hydrochloric  acid,  precipitate  again  with  a  slight  excels  of  ammonia, 
re-diasolve  in  a  moderate  excess  of  acetic  acid,  then  dilute  to 
a  liter  ;  by  this  means  is  obtained  a  solution  of  a(!id  monocalcic 
j>hosphate,  existing  under  the  same  conditions  as  occur  in  the 
actual  analysis.  In  order  to  ascertain  the  exact  amount  of  tribasic 
j)hosphoric  acid  present  in  a  given  measure  of  this  solution,  two 
portions  of  50  c.c.  each  are  ]»laced  in  two  beakers,  each  holding 
about  half  a  liU^r.  A  slight  excess  of  sohition  of  uranic  acetate 
or  nitrate  is  then  added  to  each,  together  with  about  10  c.c.  of  the 
acetic  solution  of  sodic  acetate ;  they  are  then  heated  to  actual 
boiling  on  a  hot-j)late  or  sand-bath,  the  beakers  filled  up  with 
boiling  distilled  water,  and  then  set  aside  to  settle,  which  occurs 
very  speedily.  The  supernatant  fluid  should  be  faintly  yellow 
from  excess  of  uranium.  When  perfectly  settled,  the  clear  licjuid 
is  withdrawn  by  a  syphon  or  poured  off  as  closely  as  possible  with- 
out disturbing  the  precipitate,  and  the  beakers  again  filled  \ij)  with 
boiling  water.  Tlie  same  should  be  done  a  thinl  time,  when  the 
precipitates  may  be  brought  on  two  filters,  and  need  very  little 
further  washing. 

AVhcn  the  filtmtion  is  complete,  the  filters  are  dried  and  ignited 
separate  from  the  precipitate,  taking  care  to  burn  off  all  carbon. 
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Before  being  weighed,  however,  the  uranic-j)hosphate  must  be 
moistened  with  strong  nitric  acid,  dried  perfectly  in  the  water  bath 
or  oven,  and  again  ignited;  at  first,  very  gently,  then  strongly,  so 
as  to  leave  a  residue  when  cold  of  a  pure  light  lemon  (colour.  This 
is  uranic  phosphate  Ur^O^,  P^O^,  the  percentage  composition  of 
which  is  80*09  of  uranic  oxide,  and  19*91  of  phosphoric  acid. 

The  two  precipitates  are  accurately  weighed,  and  should  agree  to 
Avithin  a  triile.  If  they  differ,  the  mean  is  taken  to  represent  the 
amount  of  P^O^  in  the  given  quantity  of  tricalcic  phosphate,  from 
which  may  be  calculated  the  strength  of  the  solution  to  be  used  as 
a  standard.  Of  course  any  other  accurate  method  of  determining 
the  P^O^  may  be  used  in  place  of  this. 

The  actual  standard  required  is  5  gm.  of  pure  tricalcic  phosphate 
per  liter ;  and  it  should  be  adjusted  to  this  strength  by  dilution, 
after  the  actual  strength  has  been  found.  In  this  way  is  obtained 
a  standard  which  agrees  exactly  with  the  analysis  of  a  super- 
phosphate or  other  similar  manure. 

Standard  Uraniuni  Solution. — This  is  best  adjusted  to  such 
strength  that  25  c.c.  are  required  to  give  the  faint  chocolate  colour 
with  ferrocyanide,  when  50  c.c.  of  the  standard  acetic  solution  of 
calcic  phosphate  are  taken  for  titration.  Working  in  this  manner 
each  c.c.  of  uranium  solution  represents  1  per  cent,  of  soluble 
tricalcic  phosphate,  when  1  gm.  of  manure  is  taken  for  analysis, 
because  50  c.c.  of  the  calcic  phosphate  will  contain  monocalcic 
phosphate  equal  to  0*25  gm.  of  Ca'^P^O^  and  will  require  25  c.c. 
of  uranium  solution  to  balance  it. 

Tliese  standards  are  given  as  convenient  for  manures,  but  they 
may  be  modified  to  suit  any  particular  purpose. 

Process  in  case  of  Superphospkafe  free  from  Fe  and  At,  except 
in  mere  traces : — 10  gm.  of  the  substance  are  weighed,  placed  in  a  small  glass 
mortar  and  gently  broken  down  by  the  pestle,  coid  wat«r  being  used  to  bring 
it  to  a  smooth  cream.  The  material  should  not  be  ground  or  rubbed  hard, 
which  might  cause  the  solution  of  some  insoluble  phosphate  in  the 
concentrated  mixture.  The  creamy  substance  i»  washed  graduall}'  without 
loss  into  a  measuring  flask  marked  at  503*5  c.c,  the  3*5  c.c.  being  the  space 
occupied  by  the  insoluble  matters  in  an  ordinary  25  to  30  per  cent, 
superphosphate.  The  flask  is  filled  to  the  mark  with  cold  water,  and  shaken 
every  few  miimtes  during  about  half-an-hour.  A  portion  is  then  filtered 
through  a  dry  filter  into  a  dry  beaker,  and  50  c.c.^1  gm.  of  manure 
mea«sured  into  a  beaker  holding  about  100  c.c.  Sufficient  10  per  cent,  ammonia 
is  then  added  to  precipitate  the  monocalcic  phosphate  in  the  form  of 
Ca^P-O*  (in  all  ordinary  superphosphates  there  is  enough  Ca  present  a«« 
sulphate  to  ensure  this,  and  four  or  five  drops  of  ammonia  generally  suffice 
to  effect  the  precipitation).  Acetic  acid  is  then  added  in  just  sufficient 
quantity  to  render  the  liquid  clear.  Should  traces  of  gelatinous  AlPO  or 
FePO'*  occur  at  this  stage,  the  liquid  will  be  slightly  opalescent ;  but  this 
may  be  disregarded  if  only  slight,  as  the  subsequent  heating  will  enable  the 
uranium  to  decompose  it.  If  more  than  traces  occur,  the  method  will  not 
be  accurate,  and  recourse  must  be  had  to  separation  by  the  citro-magnesio 
solution. 

While  the  liquid  is  still  cold,  a  measured  volume  of  the  standard  uranium 
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is  mil  in  with  stirring,  and  o(x;aRional  drops  are  taken  out  with  a  j,'la8s  rod, 
and  put  in  contact  with  some  ferroeyaniile  indicator  sprinkled  on  a  white 
plate  until  a  faint  colour  occurs.  The  heakcr  is  then  placed  in  the  water- 
bath  for  a  few  minutes,  and  a^in  the  mixture  tested  with  the  indicator : 
after  heatin>(  in  this  way  the  testing  ought  to  show  no  colour.  More 
uranium  is  tlien  added  with  stirring,  and  drop  by  drop  till  the  proper  reaction 
txMHirs.  This  titration  is  only  a  guide  for  a  second,  which  may  be  made  more 
accunite  by  running  in  at  once  very  nearly  the  requisite  volume  of  uranium. 

This  ojieration  may  be  reversed,  if  so  desired,  by  making  the 
idear  solution  of  phosphate  up  U)  a  definite  volume  (say  60  c.c), 
and  running  it  into  a  measured  volume  of  uranium  until  a  test 
t^iken  shows  no  colour. 

5.    Bstixnation  of  Phosphoric  Acid  in  Minerals  or  other  substances 
containinflT  Iron,  Alumina,   or   other  dlsturbinflr  matters. 

In  order  to  make  use  of  any  volumetric  process  for  this  jiurpose, 
the  jdiosphoric  acid  must  be  separated.  As  has  been  already 
described,  this  may  be  done  either  by  the  molylxlic  precipitation 
followed  by  solution  in  NH"*,  again  precipitated  with  ordinary 
magnesia  mixture,  or  direct  sepanition  by  the  citro-magnesia 
mixture  described  below.  In  either  case  the  ammonio-magnesic 
salt  is  dissolved  in  the  least  jwssible  (piantity  of  nitric  or 
liydrcM'hloric  acid,  neutralized  with  ammonia,  acidified  with  acetic 
arid,  and  the  titration  with  uranium  carried  out  as  before  described. 

6.    Joulie's  Method. 

This  differs  scmiewhat  from  tlie  foregoing,  and  may  bo  summarized 
as  follows  (Munro,  G.N.  lii.  85). 

.Joulie  applies  the  citro-magnesia  method  to  all  phosphates, 
whether  containing  iron  and  alumina  or  not,  and  prefers  nitrate  to 
acetate  of  uranium. 

T  to  10  gm.  of  the  sample  arc  dissolved  in  HCl.  Jk)me  chemists  use 
nitric  acid  with  a  view  of  leaving  as  much  ferric  oxide  as  possible  undissolved. 
This  course  is  condenuied  by  the  author,  because  the  presence  of  ferric  salts 
in  no  way  interferes  with  the  process,  and  because  HCl  is  a  much  better 
solvent  of  mineral  phosphates  than  nitric  acid,  and  leaves  a  residue  free  from 
iron,  b}'  the  whiteness  of  which  one  may  judge  of  the  completeness  of  the 
attack.  In  the  case  of  phos]>hates  containing  a  little  pyrites,  nitric  acid 
should  be  used  in  conjunction  with  hydrochloric.  The  removal  of  silica  by 
evaporation  to  dryness  is  necessary  only  in  those  cases  where  the  sample 
contains  silicatos  decomposable  by  HCl,  with  separation  of  gelatinous  silica. 
The  sample  is  boiled  with  the  acid  in  a  measuring  fla.Mk  until  the  residue  is 
perfectly  white,  the  contents  are  cooled,  made  up  to  the  mark  with  cold 
water,  mixed,  filtered  through  a  dry  filter,  and  such  a  fraction  of  the  filtrate 
withdrawn  by  a  pipette  as  contains  about  50  m.gm.  of  P-0*.  The  sample 
being  delivered  from  the  pipette  into  a  small  beaker,  10  c.c.  of  citro-magnesic 
solution  are  added,  and  then  a  large  excess  of  ammonia.  If  this  quantity 
of  citro-magnesic  solution  is  sufficient,  no  precipitate  will  form  until  the  lai>se 
of  a  few  moments ;  should  an  immediate  precipitate  form,  it  is  iron  or 
aluminium  phosphate.  In  this  case  a  fresh  sample  must  be  pipetted  off,  and 
1*0  c.c.  of  citro-magnesic  solution  are  added ;  it  is  of  no  use  adding  another  10  c.c. 

U  2 
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of  the  citric  solution  to  the  ori^nal  sample,  as  the  precipitated  phosphates 
of  irou  and  aluminium  do  not  rwidily  redinsolve  when  once  formed. 

CUrO'Magtiesic  !^olution. — 27  gm.  of  pure  magncsic  carbonate  are  added 
by  degrees  to  a  solution  of  270  gm.  of  citric  acid  in  350  c.c.  of  warm  water ; 
when  all  otfervescence  is  over  and  the  liquid  cool,  about  400  c.c.  of  solution 
of  ammonia  are  added,  containing  10  per  cent,  of  NH'  (about  096  sp.  gr.), 
or  if  other  strength  is  used,  enough  to  ensure  decided  excess  of  NH':  the 
whole  is  then  diluted  to  a  liter,  and  preserved  in  a  well-stoppered  bottle. 

The  old  plan  of  adding  first  citric  acid  and  then  "  magnesia  mixture  "  to 
the  solution  under  analysis  frequently  leads  to  incomplete  precipitation  of 
the  phosphoric  acid,  because  the  ammonio-magnesic  phosphate  is  slighth' 
soluble  in  ammonic  citrate  unless  a  sufficient  excess  of  magnesium  salt  fs 
present,  and  therefore  the  quantity  of  magnesium  salt  should  be  increa.sed 
pari  patsu  with  the  citric  acid  required,  which  is  best  done  when  they  are  in 
solution  together.  The  liquid  after  precipitation  is  allowed  to  stand  from  2 
to  12  hours  (covered  to  prevent  evaporation  of  ammonia),  and  then  decanted 
through  a  small  filter.  The  precipitate  remaining  in  the  beaker  is  washe<l 
with  weak  ammonia  by  decantation,  and  then  on  the  filter  until  the  filtrate 
gives  no  precipitate  with  sodic  phosphate.  Dilute  nitric  acid  is  next  poured 
into  the  beaker  to  dissolve  the  precipitate  adhering  to  the  glass,  thence  on  to 
the  precipitate  on  the  filter.  The  nitric  solution  is  receivwl  in  a  beaker 
holding  about  ir>0  c.c.  and  marked  at  77  c.c.  After  two  or  three  washings 
with  acidulated  water  the  filter  itself  is  detached  from  the  funnel  and  added 
to  the  contents  of  the  beaker,  as  the  pai)er  is  found  to  retain  traces  of  P^O* 
even  after  many  washings.  Dilute  ammonia  is  next  added  until  a  slight 
turbidity  is  produced,  which  is  removed  by  the  addition  of  one  or  two  dro]>9 
of  dilute  nitric  acid,  the  liquid  is  heated  to  boiling,  5  c.c.  of  the  sodic  acetate 
solution  added  (§  72.2r.),  and  the  titration  with  uninic  nitrate  immediately 
proceeded  with. 

The  Standard  Uranic  Nifrafe  is  made  by  dissolving  about  40  gm.  of  the 
pure  crystals  in  800  c.c.  water,  adding  a  few  drops  of  ammonia  to  produce 
a  slight  turbidity,  then  acetic  acid  until  cleared,  and  diluting  to  1  liter. 
Acetate  of  uranium  should  not  be  used,  as  it  impiirs  the  sensibility  of  the 
end-reaction.  The  uranium  solution  is  titrated  with  10  c.c.  of  a  standan) 
solution  of  acid  ammonic  phosphate  containing  810  gm.  of  the  pure  dry  salt 
per  liter  (1  c.c.=0(K)o  gm.  PW).  The  ammonic  phosphate  solution  is 
verified  by  evaporating  a  measured  quantity  (say  oO  c.c.)  of  it  to  drj'ness 
with  a  measure!  quantity  of  a  solution  of  pure  ferric  nitrate  containing  an 
excess  of  ferric  oxide,  and  calcining  the  residue.  The  difference  in  weight 
between  this  calcined  residue  and  that  from  an  equal  volume  of  ferric  nitrate 
solution  evaporated  alone,  is  the  weight  of  phosphoric  anhydride  contained 
in  the  50  c.c.  of  ammonic  phosphate  solution.  The  actual  verification  of  the 
uranic  nitrate  is  performed  by  measuring  accurately  10  c.c.  of  the  ammonic 
phosphate  into  a  beaker  marked  at  75  c.c,  adding  5  c.c.  of  the  sodie 
acetate,  making  up  with  water  to  about  30  c.c,  and  heating  to  boiling. 
9  c.c.  uranium  are  then  run  in  from  a  burette,  and  the  liquid  tested  in  the 
usual  way  with  ferrocyanide.  From  this  point  the  uranium  is  added  two  or 
three  drops  at  a  time,  until  the  end-reaction  just  appears,  the  burette  being 
read  off  at  each  testing.  As  soon  as  the  faintest  colouration  appears^ 
the  beaker  is  immediatelv  filled  to  the  mark  with  boiling  distilled  water, 
and  another  test  made.  If  the  operation  has  been  properly  conducted  no 
brown  colour  will  be  detected,  owing  to  the  dilution  of  the  liquid,  and  one 
or  two  drops  more  of  the  uranium  solution  must  be  added  before  the  colour 
becomes  evident,  and  the  burette  is  finally  read  off.  A  constant  correction  i* 
subtracted  from  all  readings  obtained  in  this  way :  it  is  the  quantity  of 
uranium  found  necessary  to  give  the  end-reaction  with  5  c.c.  of  the  sodio 
acetate  solution  alone,  diluted  to  75  c.c.  with  boiling  water  as  above  described. 
The  end-i)oint  must  always  be  verified  by  adding  three  or  four  drops  oi 
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nninium  in  excess,  and  testing  again,  when  a  strongly  marked  colour  should 
be  produce<l.  The  standard  uranium  is  made  of  the  same  strength  as  the 
standard  ammonic  phosphate,  in  order  to  eliminate  the  error  caused  by 
<:hanges  in  the  tempcrxture  of  the  laljoratory.  The  actual  analysis  is  made 
in  the  same  way  as  the  titration  of  the  standard  uranium,  except  that 
a  slight  error  is  introduced  by  the  number  of  tests  that  have  to  be  made 
abstracting  a  small  fraction  of  the  assay.  To  correct  this,  a  second  estimation 
should  always  be  made,  and  ncarl}'  the  whole  of  the  uranium  found 
necessary  in  the  first  trial  should  be  added  at  once.  Test»«  are  then  made  at 
intervals  of  two  or  three  drops,  and  the  final  and  correct  result  should 
slightly  exceed  that  obtained  in  the  first  trial. 

7.    Pemberton'8  Oriflrinal  Molybdlo  Method. 

This  process*,  with  all  the  steps  that  led  to  its  adoption,  and  the 
dilliculties  involved,  is  described  in  a  paper  read  before  the  chemical 
section  of  the  Franklin  Institute  in  1882  (C.  N.  xlvi.  4). 

The  jirocess  is  based  on  the  fact  that,  if  a  standard  acpieous 
solution  of  amnionic  molybdate  be  added  to  one  of  phosphoric 
acid,  in  the  i>resence  of  a  large  projiortion  of  ammonic  nitrate, 
accompanied  with  a  small  excess  of  nitric  acid,  and  heat  aj)i)lied  to 
the  mixture,  the  whole  of  the  VH)'*  is  immediately  and  completely 
<arried  down  as  phospho-molybdate  qiiite  free  from  MoO'.  A  small 
excess  of  the  precijiitant  renders  the  supernatant  liquid  clear  and 
colourless,  and  the  ratio  of  molybdic  trioxide  to  phosphoric 
anhydride  is  always  the  same. 

The  weak  part  of  the  method  is  tlie  difficulty  in  finding  the 
exact  pohit  at  which  the  j)recipitation  is  ended,  because  the 
yellow  precipitiitc  does  not  settle  in  clots  like  silver  chloride, 
and  hence  filtration  is  necessary,  in  order  to  obtain  a  portion  of 
clear  liquid  for  t(*8ting  with  a  drop  of  the  molybdate.  Very  good 
n'Hults  may  be  obtained  with  some  little  patience  and  practice  by 
using  the  IJcale  filter  (fig.  23).  When  the  precipitation  is  thought 
to  l»e  nearly  complete,  the  filter  is  dipped  into  the  hot  liquid,  so 
JUS  to  obtain  2  c.c.  or  so  in  a  clear  condition  :  this  is  tninsferred 
to  a  clean  test  tube  or  small  short  beaker,  and  a  drop  or  two 
of  the  precipitant  added,  then  heated  in  the  bath  to  see  if  a  yellow 
colour  occui*s ;  if  it  does,  the  filter  and  beaker  are  washed  again 
into  the  bulk  with  hot  water  in  very  small  quantities  from  a  small 
wiush-bottle.  A  second  titration  ought  to  result  in  a  very  near 
api)roximation,  and  a  third  will  be  exact.  A  convenient  small 
><uction  asbestos  filter  is  figured  and  descril>ed  by  Professor 
Caldwell  as  well  adapted  to  this  process  (C  N.  xlviii.  61). 
As  eacli  titration  can  be  made  in  a  very  short  time,  the  process 
may  be  made  valuable  for  technical  purposes  in  the  absence  of 
either  iron  or  alumina  cxcei)t  in  mere  tnices. 

It  is,  however,  imperative  here,  as  it  is  in  the  usual  molybdic 
process,  to  avoid  the  presence  of  soluble  silica,  organic  matter,  and 
organic  acids,  also  iron  and  alumina.  Chlorides  in  moderate 
^[uantity  do  not  interfere. 
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The  necessary  solutions  and  reagents  are — 

Standard  Ammonic  molybdate.  89*543  gm.  of  the  pure  crystallized 
salt  are  dissolved  in  about  900  c.c.  of  -water ;  if  not  quite  clear, 
a  very  few  drops  of  ammonia  may  be  added  to  ensure  perfect 
solution  ;  the  flask  is  then  filled  to  the  liter  mark.  The  weight  of 
salt  used  is  based  on  the  proportion  of  24  ^loO''  to  1  of  P'^O^,  and 
each  c.c.  precipitates  3  m.gm.  P'-O^  If  any  doubt  exists  as  to  the 
purity  of  the  molybdate,  the  solution  should  be  standardized  with 
a  solution  of  P-0^  of  known  strength.  In  any  ciise  this  is  to  be 
recommended. 

Animonic  nitrate  in  granular  form  and  neutral. 

^'itric  acid,  sp.  gr.  not  less  than  1'4;  or  if  of  less  strength, 
a  proportionate  increase  must  be  used  in  the  titration. 

Process :  The  phosphate  to  bo  titrated  is  taken  in  quantit}'  containing  not 
over  O'l  i,Tn.  P-0*  or  0'15  jtfm.  at  the  utmost.  If  silica  is  present,  the 
solution  is  eva])orated  to  dryness.  In  presence  of  organic  matter  ignite 
gently  and  evaporate  to  dryness  twice  with  HNO^.  There  is  no  advantaire 
in.  filtering  ofiP  the  SiO'-.  The  solution  is  transferred  to  a  beaker  of  100  to 
125  c.c,  using  as  little  water  as  jwssible  to  prevent  unDCcessary  dilution 
and  is  just  neutralized  with  NH*HO,  i.e.,  imtil  a  slight  precipitate  is 
formed. 

If  much  iron  is  present  the  ammonia  is  added  until  the  j'cllow  colour 
begins  to  change  to  a  darker  shade.  2  c.c.  of  nitric  acid  are  added.  '  Care 
must  be  taken  that  the  sp.  gr.  of  the  acid  is  not  less  than  1*4,  otherwise  more 
must  be  added.  10  gm.  of  granular  nitrate  of  ammonia  are  now  added. 
After  a  little  experience  the  quantity  can  be  judged  with  sufficient  accuracy 
by  the  ej'c  without  the  trouble  of  weighinj;?.  The  solution  is  now  heated  to 
140°  F.  or  over  and  the  molybdate  solution  run  in  (most  conveniently  from 
a  Gay  Lussac  burette),  meanwhile  stirring  the  liquid.  The  beaker  is  now 
left  undisturbed  for  about  a  minute  on  the  water-bath  or  hot  pUite  until  the 
precipitate  settles,  leavinji^  the  supernatant  liquid  not  clear  but  containinpc 
widely  disseminated  particles,  in  which  the  yellow  cloud  can  easil}'  be  seen 
on  the  further  addition  of  the  molybdate.  This  addition  is  continued  as 
\ou\f  as  the  precipitate  is  thick  and  of  a  deep  colour.  But  as  soon  as  it 
becomes  rather  faint  and  thin,  a  little  of  the  solution,  about  2  to  3  c.c,  after 
settling  of  the  precipitate,  is  filtered  into  a  very  small  beaker,  and  this  is 
heated  on  a  hot  plate  and  4  or  5  drops  of  the  molvMate  added.  If 
a  precipitate  is  i>roduced,  the  whole  is  poured  back  into  the  large  beaker,  and 
a  further  addition  of  the  molybdate  (1,  2,  or  'A  c.c.)  added,  according  to  the 
(juantity  of  the  procipit^ite  in  the  small  beaker.  After  stirring  and  settHn^, 
another  small  quantity  is  filtered  and  again  tested.  If  the  mark  has  been 
overstepi>ed  and  too  much  molybdate  added,  a  measured  quantity  of  P^O* 
solution  of  known  stren^h  is  added,  and  the  corresponding  amount  of 
P-O*  dedu<.'ted.  The  results  may  be  checked  by  adding  1  c.c.  of  standard 
P^O*  solution,  and  then  again  testing.  This  can  be  repeated  as  often  as 
desired.  The  portion  that  finally  produces  a  cloud  is  the  end-point ;  from 
this  is  deducted  0*5  c.c.  (for  neutralizing  the  solvent  action  of  the  nitric^ 
acid),  the  remainder  multiplied  by  3  gives  the  weight  of  P-0*  in  milligrams. 
01  gm.  of  P-0^  gives  about  2*75  ^rm.  of  the  yellow  precipitate,  and  the 
accuracy  of  the  method  is  largely  due  to  the  low  percentage  of  P-O*. 

8.    Pemberton^s  new  Molibiic   Method. 

This  method,  a  full  description  of  which  is  given  in  Jrmr. 
A)ner.   Chei)i.  Soc,  1894,  278,  is  one  which  requires  great  delicacy 
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of  manipulation,  but  gives  excellent  results  with  all  the  alkaline 
or  earthy  j)hosphates,  but  unfortunately  is  i)ractically  useless  with 
the  jihosphates  of  iron  or  alumina,  or  with  materials  containing 
more  than  mere  traces  of  these  substances.  For  superphosphates 
it  is  available,  unless  the  amount  of  iron  or  alumina  or  both  exist 
in^more  than  ordinary  proportion,  and  also  for  the  raw  phosphates 
from  which  they  are  made.  One  great  recommendation  of  the 
method  is  that  it  occupies  little  time,  the  whole  operation  may  be 
performed  in  less  than  an  ho\ir  in  the  case  of  a  raw  phosphate  of 
lime.  AVith  superi>hosphates  there  has  of  course  to  be  the  extraction 
of  the  soluble  phosj)hate,  but  once  this  is  done  the  determination 
of  the  soluble  P-0^  may  readily  be  done  in  half-an-hour,  and 
moreover  two  or  three  determinations  may  be  carried  on  simul- 
taneously \\nth  the  expenditure  of  very  little  extra  time. 

The  meth(xl  is  based  on  the  fact,  which  has  been  j>roved  by 
numerous  experiments,  that  if  a  pure  yellow  phospho-molybdate 
l)c  titrated  with  alkali  and  a  proi>er  indicator,  so  much  of  it  as 
contains  one  molecule  of  I'-^C)^  will  exactly  represent  23  molecules 
of  NallO.  ( )f  course  it  is  of  the  greatest  importiince  that  in  the 
method  a  i)ure  phosphomolybdate  should  be  obtained,  and  hence 
the  difficulty  where  such  bases  as  iron  or  alumina  are  present,  as  it 
seems  impossible  to  prevent  their  being  carried  down  with  the 
yellow  precipitate  even  in  presence  of  much  nitric  acid.  As 
has  been  already  said,  the  process  is  one  of  great  delicacy  of 
treatment,  and  cannot  be  satisfactorily  tised  by  inexiK?rienced 
operators.  The  most  suitable  alkali  for  the  standard  is  caustic 
j>otash  which  should  be  free  from  CO-,  and  the  most  delicate 
indicator  is  j)henolphthalein.  Further,  the  quantity  of  material 
tiiken  for  the  titration  must  be  very  small,  preferably  containing  not 
more  than  0*1  gm.  of  VK)'*,  It  will  readily  Ihj  seen  that  if  an 
error  is  made  it  becomes  a  serious  matter,  when  results  are 
calculated  into  percentages. 

The  solutions  required  are  : — 

Amnionic  niolylKlat<i.  1  c.c.  of  which  M'ill  precij)iUite  .3  m.gm. 
of  I^'-0\  This  is  made  by  dissolving  90  gm.  of  the  pure  salt  in 
about  700  c.c.  of  water,  and  allowing  to  stand  a  few  hours,  if 
then  (juite  clear  it  may  be  diluted  at  once  to  a  liter,  but  if  a  slight 
j)recipitate  of  molybilic  acid  occurs  the  clear  liquid  is  decanted, 
the  j)recipitate  dissolvetl  in  a  few  droj)S  of  ammonia,  and  the 
whole  made  up  to  the  liter.  The  strength  of  this  solution  need 
not  be  absolutely  exact. 

Standard  Caustic  PotasL  Made  by  diluting  323*7  c.c.  of 
strictly  normal  solution  (free  from  CO^)  to  a  liter. 

Standard  Sulphuric  Acid.  Made  to  correspond  exactly  with 
the  standard  alkali,  using  phcnolphthalein  as  the  indicator  in  the 
cold.  The  phenolphthalein  solution  is  the  same  as  described  on 
page  37,  and  not  less  than  0*5  c.c.  should  be  used  for  each  titration. 
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There  are  also  required  a  saturated  aqueous  solution  of  ammonic 
nitrate  and  nitric  acid  of  about  1  '4  sp.  gr. 

Procets  for  raw  Photphatet  of  Litne :  1  gm.  of  the  phosphate  is  dissolved 
in  nitric  acid,  an  excess  of  which  can  be  iised  with  impunity,  and  the 
solution  filtered  into  a  250  c.c.  flask  and  made  up  to  the  mark.  The  solution 
can  even  be  poured  into  the  flask  without  filtering,  since  the  presence  of 
a  little  insoluble  matter  does  not  interfere  in  the  least  with  the  titration. 
Moreover,  since  most  phosphate  rocks  seldom  contain  over  10  per  cent, 
of  insoluble  matter,  and  as  this  has  the  specific  gravity  of,  at  least,  2,  it 
occupies  a  volume  of  about  0*05  c.c,  an  amount  so  small  that  it  may  be 
neglected. 

After  the  clear  solution  has  been  poured  off,  it  is  well  to  treat  the 
sand,  etc.,  at  the  bottom  of  the  beaker^  with  a  c.c.  or  so  of  HCl,  in  the 
warmth,  to  insure  complete  solution. 

It  is  not  necessary  to  evaporate  to  dryness.  Isbert  and  Stutzer  have 
shown  {Z.  A.  C.  xxvi.  584),  that  when  the  yellow  precipitate  is  washed  with 
water,  the  soluble  silica  is  removed,  and  that  evaporation  (to  render  the 
silica  insoluble)  is  superfluous.  In  the  event  of  its  being  desirable  to 
remove  silica  by  evaporation  for  any  purpose,  the  evaporation  should  be 
performed  over  a  water-bath,  or,  if  on  an  iron  plate,  with  great  care,  since, 
otherwise,  meta-  or  pyrophosphates  are  formed,  with  results  that  are 
correspondingly  low. 

25  c.c.  of  the  solution  (equal  to  0*1  gm.)  are  now  measured  out  and 
delivered  into  a  beaker  holding  not  more  than  100  to  125  c.c.  A  large 
beaker  requires  unnecessary  washing  to  remove  the  free  acid  in  washing  the 
yellow  precipitate.  The  solution  is  neutralized  with  ammonia — until 
a  precipitate  just  begins  to  form — and  5  c.c.  of  nitric  acid  of  sp.  gr.  1*4 
added ;  10  c.c.  of  the  ammonic  nitrate  solution  arc  poured  in,  and  the  entire 
bulk  of  the  mixture  made  up  to  60  or  70  c.c.  by  adding  water. 

Heat  is  now  applied,  and  the  solution  brought  to  a  full  boil.  It  is  then 
removed  from  the  lamp,  no  more  heat  being  applied,  and  treated  at  once 
with  5  c.c.  of  the  aqueous  solution  of  ammonium  mol3'bdate,  which  is  run  into 
it  slowly  from  a  5  c.c.  pipette,  the  solution  being  stirred  as  the  precipitate  is 
added.  The  beaker  is  now  allowed  to  rest  quietly  for  about  one  minute, 
during  which  time  the  precipitate  settles  almost  completely.  The  5  c.c. 
pipette  is  tilled  with  the  molybdat«  solution,  and  a  part  of  its  contents 
allowed  to  drop  in,  holding  the  beaker  up  to  the  light.  If  a  formation  of 
a  yellow  cloud  takes  place— it  is  at  once  i»erceptible — in  which  case  the 
remainder  of  the  pipetteful  is  run  in,  the  solution  stirred  and  allowed  to 
settle.  A  third  pipetteful  is  now  added  as  before.  Should  it  cause  no 
further  cloud,  only  about  one-half  of  its  contents  are  added. 

It  is  seldom  that  more  than  15  c.c.  of  the  molybdate  have  to  be  added. 
Since  each  c.c.  precipitates  3  m.gm.of  F-0*,  15  c.c.  will  precipitate  45  m.gm. 
of  P^O*.  This  is  equivalent  to  45  per  cent,  on  the  01  gm.  taken  for 
analysis,  and  it  is  not  often  that  any  material  to  be  examined  contains  over 
this  percentage.  This  is  not  strictly  true,  for  the  reason  that  a  small 
quantity  (something  over  1  c.c.)  of  the  molybdate  is  required  to  neutnilize 
the  solvent  action  of  the  nitric  acid.  Therefore,  in  rer^  high  grade 
phosphates  a  fourth  5  c.c.  pipetteful  may  be  required.  In  this  process  the 
point  at  which  suflicient  of  the  precipitant  has  been  added  is  easih'  seen. 
No  molybdic  acid  separat<js,  because,  in  the  first  plac^,  no  great  excess  of 
molylxlate  is  added;  and  because,  in  the  second  place,  the  solution  is 
filtered  immediately,  or  as  soon  as  it  has  settled,  which  requires  only 
a  minute  or  two.  The  lime  required  from  the  first  addition  of  the  molybdate 
to  the  beginning  of  the  filtration  is  never  over  ten  minutes,  and  is  generally 
less.  The  filtrate  and  washings  from  the  precipitate  when  treated  with 
additional  molybdate  solution,  give,  on  standing  on  a  hot  plate  for  an  hour 
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or  so,  a  snow-white  precipitate  of  molybdic  acid,  showing  that  all  of  the 
phosphoric  acid  has  been  precipitated. 

The  yellow  precipitate  is  now  filtered  through  a  filter  7  era.  in  diameter, 
decanting  the  clear  solution  onl}-.  This  is  repeated  three  or  four  times, 
wanhing  down  the  sides  of  the  beaker,  stirring  up  the  precipitate,  and 
washing  the  filter  and  sides  of  the  funnel  above  the  filter  each  timo.  The 
precipitate  is  then  transferred  to  the  filter  and  washed  there.  When  the 
precipitate  is  large  it  cannot  be  churned  up  by  the  wash  water,  and  cannot 
be  washed  down  to  the  apex  of  the  filter.  This  is  generally  llie  case  when 
there  is  over  10  to  15  per  cent,  of  phosphoric  acid  present  in  the  substance 
analyzed.  In  such  an  event,  the  precipitate  is  washed  back  into  the  beaker, 
and  the  funnel  filled  with  water  above  the  level  of  the  filter,  this  being  done 
two  or  three  times,  then  the  precipitate  washed  back  into  the  filter.  It  is 
not  necessary  to  transfer  to  tlje  filter  the  precipitate  adhering  to  the  sides  of 
the  beaker. 

During  the  washing  no  ammonia  must  be  present  in  the  atmosphere  of 
the  laborator}'.  Inasmuch  as  the  beaker,  funnel,  filter  and  precipitate  are 
small,  the  washing  does  not  take  long  to  perform.  It  requires,  in  fact,  from 
ten  to  fifteen  minutes,  even  when  large  i)recipitate8  (=30  to  40  i)er  cent. 
P^O*)  arc  handled.  The  precipitate  and  filter  are  now  transferred  together 
to  the  beaker.  The  standard  alkali  is  run  in  until  the  precipitate  has 
dissolved,  phenolphthalein  then  added,  and  the  acid  run  in  without  delay 
until  the  pearly  colour  disappears  and  the  solution  is  colourless.  The 
presence  of  the  filter  paper  does  not  interfere  in  the  least.  The  reaction  of 
the  indicator  is  not  so  sharp  as  when  only  acid  and  alkali  are  used,  but  it  is 
easy  to  tell  with  certainty  the  difference  caused  by  one  drop  of  either  acid 
or  alkali.  After  deducting  the  volume  of  acid  used  from  that  of  the  alkali, 
the  remainder  gives  the  percentage  of  1*^0*  directly,  each  c.c.  being  equal  to 
1  ])er  cent.  I**-0.  Thus,  if  there  are  28'3  c.c.  of  alkali  consumed,  the 
material  contiins  28*3  i)er  cent.  P-0*  when  one  decigram  is  taken  for 
analysis.  From  the  time  the  25  c.c.  are  measured  out  until  the  result  is 
obtained,  from  thirty  to  forty  minutes  are  retjuired. 

Proce**  for  soluble  F^O^  in  Superphosphate* :  A  measured  ])ortion  of  the 
clear  atjueous  solution  of  the  material  according  to  its  gnide,  and  representing 
not  more  than  0'05  gm.  P^O*,  are  pii>ett<Hi  into  a  small  beaker  and  treated 
exacth'  as  described  above. 

11.  AV.  Kil<^ore  (Jour.  Avwr.  CJtein,  Sor.  1894,  765)  states  that 
good  results  in  general  were  obtained  by  him  in  using  this  method, 
hut  that  occasionally  too  high  figures  for  VH)^  were  obtained. 
This  is  also  stated  by  other  operators.  The  variations  in  tliis 
direction  are  generally  caused  by  the  deposition  of  molybdic  acid, 
but  they  may,  of  course,  be  also  caused  by  imperfect  wtushing  of 
the  precipitate.  Kilgore  prefers  to  use  the  ordinary  official  acid 
molybdic  solution,  and  to  precipitate  at  50°  or  60°  C.  instead  of  100** 
C.  The  oiHcial  molybdic  solution  is  made  by  dissolving  100  gm. 
-<>f  molybdic  acid  in  417  c.c.  of  ammonia,  sp.  gr.  0*96,  and 
l>ouring  this  int<»  1250  c.c.  of  nitric  acid,  sp.  gr.  1*2,  then  filtering 
before  use. 

8ILYEB. 

Ag=  107-66. 

1  c.c.  or  1  dm.  i^  sodic  chloride  =  0*010766  gm.  or  0*10766  grn. 
Silver;  also  0*016966  gm.  or  0*16966  grn.  Silver  nitiats. 
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1.    Precipitation  with   ^q    Sodic   Chloride. 

§  73.  The  detennination  of  silver  is  precisely  the  converse  of 
the  operations  described  under  chlorine  (§  54,  1  and  2),  and  the 
process  may  either  l)e  concluded  by  adding  the  sodic  chloride  till 
no  further  precipitate  is  produced,  or  j^otassic  chromate  may  be 
used  as  an  indicator.  In  the  latter  case,  however,  it  is  advisable 
to  add  the  salt  solution  in  excess,  then  a  drop  or  two  of  chromate, 
and  titrate  residually  with  y^  silver,  till  the  red  colour  is  produced, 
for  the  excess  of  sodic  chloride. 

2.     By  Amxnonic  Snlphocyenate   (Thiocyanate) . 

The  principle  of  this  method  is  fully  described  in  §  43,  and 
need  not  further  be  alluded  to  here.  The  author  of  the  method 
(Vol hard)  states,  that  comparative  tests  made  by  this  method 
and  that  of  GayLussac  gave  equally  exact  results,  both  being 
controlled  by  cupellation,  but  claims  for  this  process  that  the  end 
of  the  reaction  is  more  easily  distinguished,  and  that  there  is  no 
labour  of  shaking,  or  danger  of  decomposition  by  light,  as  in  the 
case  of  chloride.     My  own  experience  fully  confirms  this. 

3.     Estimation  of   Silver,   in  Ores  and   All03rs,   by  Starch  Iodide 

(Diethod  of  Pisani  and  F.   Field). 

If  a  solution  of  blue  starch-iodide  be  added  to  a  neutral  solution 
of  silver  nitrate,  while  any  of  the  latter  is  in  excess,  the  blue  colour 
disappears,  the  iodine  entering  into  combination  with  the  silver ; 
as  soon  as  all  the  silver  is  thus  saturated,  the  blue  colour  remains 
permanent,  and  marks  the  end  of  the  j)rocess.  The  reaction  is 
very  delicate,  and  the  process  is  more  especially  aj)plicable  to  the 
analysis  of  t)res  and  alloys  of  silver  containing  lead  and  copper,  l>ut 
not  mercury,  tin,  iron,  manganese,  antimony,  arsenic,  or  gold  in 
solution. 

Tlie  solution  of  starch  iodide,  devised  by  Pisani,  is  made  by 
rubbing  together  in  a  mortar  2  gm.  of  iodine  with  15  gm.  of  starch 
and  about  6  or  8  droi)s  of  water,  putting  the  moist  mixture  into 
a  stoppered  flask,  and  digesting  in  a  water  bath  for  about  an  ho\ir,  or 
until  it  has  assumed  a  dark  bluish-grey  colour ;  water  is  then  added 
till  all  is  dissolved.  The  strength  of  the  solution  is  then  ascertained 
l)y  titrating  it  with  10  c.c.  of  a  solution  of  silver  containing  1  gm. 
in  the  liter,  to  which  a  portion  of  pure  pi'ecipitated  calcic  carbonate 
is  added;  the  addition  of  this  latter  removes  all  excess  of  acid,  and 
at  the  same  time  enables  the  operator  to  distinguish  the  end  of  the 
reaction  more  accurately.  The  starch  iodide  solution  should  be  of 
such  a  strength  that  about  50  c.c.  are  recpiired  for  10  c.c.  of  the 
silver  solution  (  =  0*01  gm.  silver). 

F.  Field  (C.  N.  ii.  17),  who  discovered  the  principle  of  this 
method  simultaneously  with  Pisani,  uses  a  solution  of  iodine  in 
potassic  iodide  w4th  starch.     Those  who  desire  to  make  use  of 
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this  ])lan  can  use  Uie  ^17  «'»>hI  jJ^^  solutions  of   iodine  described 
in  S  3S. 

In  the  analysis  of  silver  containing  copper,  the  solution  must  he 
considerably  diluUul  in  order  to  weaken  the  colour  of  the  copi)er ; 
a  small  measured  ]X)rtion  is  then  taken,  caUjic  carbonate  added,  and 
starch  imlide  till  the  colour  is  permanent.  It  is  l)est  to  operate 
with  about  from  GO  to  100  c.c,  containing  not  more  than  0*02  gm. 
silver;  when  the  quantity  is  much  greater  than  this,  it  is  ])referjible 
to  precipitiito  the  greater  portion  with  -^^y  sodic  chloride,  and  to 
comi)lete  with  starch  iodide  after  filtering  off  the  chloride.  WHien 
lead  is  present  with  silver  in  the  nitric  a(!id  solution,  add  sulj)huric 
acid,  and  filter  off  the  lead  sulphate,  then  add  calcic  carlwnate  to 
neutralize  excess  of  acid,  fdter  again  if  necessary,  then  mid  fresh 
carlM>nato  and  titrate  as  described  alx>ve. 

4.    Assay  of  Commercial  Silver  (Plate,  Bullion,  Coin,  etc.).    G-ay 
Lussac*s  Method  modified  by  J.  Q.  Mulder. 

For  more  than  thirty  years  Gay  Lussac's  method  of  estimating 
silver  in  its  alloys  hi\s  been  pmctised  intact,  at  all  the  European 
mints  under  the  name  of  the  "humid  method,"  in  place  of  the  old 
system  of  cupellation.  During  that  time  it  has  been  regarded  as  one 
of  the  most  exact  methods  of  <piantitative  analysis.  The  researches 
of  M\ilder,  however,  into  the  innermost  details  of  the  process 
have  shown  that  it  is  capal)le  of  even  greater  accuracy  than  has 
hitherto  been  gained  by  it. 

Tile  principle  of  the  process  is  the  same  as  described  in  >5  41, 
dep(*nding  on  the  aflinity  which  chlorine  has  for  silver  in  preference 
to  all  other  substances,  and  resulting  in  the  fonnation  of  chloride 
of  silver,  a  comj>ound  insoluble  in  dihite  acids,  and  which  readily 
separates  itself  from  the  liquid  in  which  it  is  suspended. 

The  ]>lan  originally  devised  by  the  illustrious  inventor  of  the 
process  for  assaying  silver,  and  which  is  still  followed,  is  to  consider 
the  weight  of  alloy  Uiken  for  examination  to  consist  of  1000  i)art8, 
and  the  question  is  to  find  how  many  of  these  parts  are  pure  silver. 
This  emi)irical  system  was  arranged  for  the  convenience  of  commerce, 
and  being  now  th(»roughly  established,  it  is  the  best  i»lan  of 
l)rocedure.  If,  therefore,  a  standanl  solution  of  salt  Ije  ma<le  of 
such  strength  that  100  c.c.  will  exactly  precipitate,  1  gm.  of  silver, 
it  is  manifest  that  each  ^'^j  c.c.  will  precipitate  1  m.gm.  or  ,  ^^^ 
part  of  the  gram  taken ;  and  consequently  in  the  analysis  of 
1  gm.  of  any  alloy  continuing  silver,  the  number  of  ^^^  c.c. 
required  to  precipitate  all  tlie  silver  out  of  it  would  be  the  number 
of  thousandths  of  puro  silver  contained  in  the  8]>ecimen. 

In  practice,  however,  it  would  not  do  to  follow  tliis  ]>lan  precisely, 
inasmuch  as  neither  tlic  measurement  of  the  standard  solution  nor 
the  ending  of  the  process  would  be  gained  in  tlie  most  exact 
manner;  consequently,  a  decimal  solution  of  salt,  one-tentli  the 
strength  of  the  standard  solution,  is  prepared,  so  that  1000  c.c. 
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^vill  exactly  j)recipitate  1  gin.  of  silver,  and,  therefore,  1  c.c. 
1  m.gm. 

The  silver  alloy  to  be  examined  (the  composition  of  which  must 
be  approximately  known)  is  weighed  so  that  about  1  gm.  of  pure 
silver  is  present ;  it  is  then  dissolved  in  pure  nitric  acid  by  the  aid 
of  a  gentle  heat,  and  100  c.c.  of  standard  solution  of  salt  added 
from  a  jiipette  in  OKler  to  precipitate  exactly  1  gm.  of  silver ;  the 
bottle  containing  the  mixture  is  then  well  shaken  until  the  chloride 
of  silver  has  curdled,  leaving  the  li{[uid  clear. 

The  question  is  now :  Which  is  in  excess,  salt  or  silver  ?  A  drop 
of  decimal  salt  solution  is  added,  and  if  a  precipitate  be  produced 
1  c.c.  is  delivered  in,  and  after  clearing,  another,  and  so  on  as  long 
as  a  precipitate  is  produced.  If  on  the  other  hand  the  one  drop  of 
salt  produced  no  precipitate,  showing  that  the  pure  silver  present 
was  less  than  1  gm.,  a  decimal  solution  of  silver  is  used,  prepared 
by  dissolving  1  gm.  pure  silver  in  pure  nitric  acid  and  diluting  to 
1  liter.  This  solution  is  added  after  the  same  manner  as  the  salt 
solution  just  described,  until  no  further  precipitate  occurs;  in  either 
case  the  quantity  of  decimal  solution  used  is  noted,  and  the  results 
calctilated  in  thousandths  for  1  gm.  of  the  alloy. 

The  i)rocess  thus  shortly  described  is  that  originally  devised  by 
Gay  Lussac,  and  it  was  taken  for  granted  that  when  equivalent 
(jhemical  jiroportions  of  silver  and  sodic  chloride  were  brought  thus 
in  contact,  that  every  trace  of  the  metal  was  precipitated  from  the 
solution,  leaving  sodic  nitrate  and  free  nitric  acid  only  in  solution. 
The  res(?arches  of  !Mulder,  however,  go  to  prove  that  this  is  not 
strictly  the  case,  but  that  when  the  most  exact  chemical  ])roportions 
of  silver  and  salt  are  made  to  react  on  each  other,  and  the  chloride 
has  subsided,  a  few  drops  more  of  either  salt  or  silver  solution  will 
produce  a  further  j)recipitate,  indicating  the  presence  of  both  silver 
nitrate  and  sodic  chloride  in  a  state  of  equilibrium,  which  is  upset 
on  the  addition  of  either  salt  or  silver.  Mulder  decides,  and  no 
doubt  rightly,  that  this  i)eculiarity  is  owing  to  the  i)resence  of  sodic 
nitrate,  and  varies  somewhat  with  the  temi>ei'ature  and  state  of 
<lilution  of  the  liquid. 

It  therefore  follows  that  when  a  silver  solution  is  carefully 
precipitated,  first  by  concentrated  and  then  by  dilute  salt  solution, 
until  no  further  i>recipitat(j  appears,  the  clear  liquid  will  at  this 
j)oint  give  a  precipitiite  with  dilute  silver  solution  :  and  if  it  be 
added  till  no  further  climdiness  is  produced,  it  will  again  be 
l)recipitable  by  dilute  salt  t:olution. 

Example :  Supj)ose  that  in  a  Riven  silver  analysis  the  doriinal  salt  solution 
has  hoen  added  so  long  a^  a  precipitate  is  produced,  and  that  1  c.c.  (=20  drops 
of  Mulder's  droppin;^  apparatus)  of  decimal  silver  is  in  turn  required  to 
precipitate  the  apparent  excess,  it  would  be  found  that  when  this  had  been 
done,  1  c.c.  more  of  salt  solution  would  be  wanted  to  reach  the  point  at  which 
no  further  cloudiness  is  produced  by  it,  and  so  the  changes  might  be  rung 
time  after  time;  if,  however,  instead  of  the  last  1  c.c.  (=20  drops)  of  salt, 
half  the  quantity  be  added,  that  is  to  fay  10  drops  (=jt  c.c),  Mulder's 


§   73.  SILVER.  301 

Bo-oallcd  neutral  point  is  reached;  namely,  that  in  which,  if  the  liquid  be 
divided  in  half,  both  salt  and  silver  will  produce  the  same  amount  of 
precipitate.  At  this  stage  the  solution  contains  silver  chloride  dissolve<l 
m  sodic  nitrate,  and  the  addition  of  either  salt  or  silver  exi>ols  it  from 
solution. 

A  silver  analyj<is  may  therefore  he  conijludecl  in  three  ways — 

(1)  By  adtling  decimal  salt  solution  until  it  just  ceases  to- 
pro<lu(je  a  cloudiness. 

(2)  V>y  adding  a  slight  excess  of  salt,  and  then  decimal  silver 
till  no  more  precipitate  occurs. 

(3)  By  finding  the  neutral  point 

Acconling  to  Mulder  the  latter  is  the  only  correct  method,,  and 
preserves  its  accuracy  at  all  temperatures  up  to  bO-"  C.  (  =  133' 
Fahr.),  while  the  difference  Iwtween  1  and  3  amounts  to  J  a  m.gm., 
and  that  l)otween  1  and  2  to  1  m.gm.  on  1  gm.  of  silver  at 
16'  C.  ( =  60°  Fahr.),  and  is  seriously  increased  by  variation  of 
tempeniture. 

It  will  readily  l)e  seen  that  much  more  trouble  and  care  is 
re([uired  by  Mulder's  method  than  by  that  of  Gay  Lussac,  but,, 
as  a  compensation,  much  grejitcr  accuracy  is  obtained. 

On  the  whole  it  appears  to  me  preferable  to  weigh  the  alloy  so 
that  slightly  more  than  1  gm.  of  silver  is  present,  and  to  choose  tho 
ending  No.  1,  adding  droj>  by  drop  the  (lecimal  salt  solution  until 
just  a  trace  of  the  precipitate  is  seen,  and  which,  after  some  i)ractice,. 
is  known  by  the  operator  to  be  final.  It  will  1)C  found  that  thi> 
(piantity  of  salt  solution  use<l  will  slightly  exceed  that  recjuired  by 
chemical  computiition ;  say  100*1  c.c.  are  found  e([ual  to  1  gm.  of 
silver,  the  operator  has  only  to  calculate  that  (juantit}'  of  the  salt 
solution  in  question  for  every  1  gm.  of  silver  he  assays  in  the  form 
of  alloy,  and  the  error  jiroduced  by  the  solubility  of  silver  chloride 
in  sihUc  nitraUi  is  removed. 

If  the  de(;imal  solution  has  been  (^utioiislv  a(hled,  and  the 
temperaturci  not  higher  than  IT**  C.  (62"*  Fahr.),  this  method  of 
conclusion  is  as  reliable  as  No.  3,  and  free  from  the  possible  errors- 
of  experiment ;  for  it  reciuires  a  great  expenditure  of  time  and 
patience  to  reverse  an  assay  two  or  three  times,  each  time 
cautiously  adding  the  solutions  drop  by  drop,  then  shaking  and 
waiting  for  the  li<iuid  to  clear,  l>esides  the  risk  of  discolouring  the 
chloride  of  silver,  which  would  at  once  vitiate  the  results. 

The  decimal  silver  solution,  according  to  this  arrangement,  would 
seldom  be  rexpiired ;  if  the  salt  has  l)een  incautiously  added,  or  the 
quantity  of  alloy  too  little  to  contain  1  gm.  pure  silver,  then  it  is. 
l>est  to  add  once  for  all  2,  3,  or  5  c.c,  according  to  circumstances^ 
and  finish  with  decimal  salt  as  No.  1,  deducting  the  silver  added. 

The  Standard  Solntioxui  and  Apparatus. 

(a )  Standard  Salt  Solution. — Pure  sodic  chloride  is  prepared  by  treat  in  g; 
a  concentrated  solution  of  the  whitest  tabh^-salt  first  wi^h  a  solution  of 
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caustic  baryta  to  remove  sulphuric  acid  and  magnesia,  then  with  a  slight 
-excess  of  hodic  carbonate  to  remove  baryta  and  lime,  warminfj  and  alio  win  ji^ 
the  precipitates*  to  subside,  tlien  evaporating  to  a  small  bulk  that  crystalH 
may  fonn ;  these  are  sepamted  by  a  filter,  and  sli|Ofhtly  washed  with  cold 
•distilled  water,  dried,  removed  from  the  filter,  and  lieated  to  dull  redness, 
and  when  cold  preserved  in  a  well-closed  bottle  for  use.  The  mother-liquor 
is  thrown  away,  or  used  for  other  purposes.  Of  the  salt  so  prepared,  or  of 
chemically  pure  rock-salt  (Stcinsalz,  a  substance  to  l)e  obtained  freel}''  in 
Germany),  5  ll-tS  gm.  are  to  be  weighed  and  dissolved  in  1  liter  of  distilled 
water  at  IG'  C.  100  c.c.  of  this  solution  will  precipitate  exactly'  1  gm.  of 
silver.     It  is  preserved  in  a  well-stoppered  bottle,  and  shaken  before  use. 

{b)  Decimal  Salt  Solution. — 100  c  c.  of  the  above  solution  are  diluted  to 
exactly  1  liter  with  distilled  water  at  16**  C.  1  c.c.  will  precipitate  O"001  gm. 
of  silver. 

(r)  Decimal  Silver  Solution;— Pure  metallic  silver  is  best  prepared  by 
galvanic  action  from  pure  chloride  ;  and  as  clean  and  secure  a  method  as  an}' 
is  to  wrap  a  lump  of  clean  zinc,  into  which  a  silver  wire  is  melted,  with 
a  ])iece  of  wettod  bladder  or  calico,  so  as  to  keep  an}'  particles  of  impurity 
contained  in  the  zinc  from  the  silver.  The  chloride  is  placed  at  the  bottom 
of  a  porcelain  dish,  covered  with  dilute  sulphuric  acid,  and  the  zinc  laid  in 
the  middle ;  the  silver  wire  is  bent  over  so  as  to  be  immersed  in  the  chloride. 
As  soon  as  the  acid  begins  to  act  upon  the  zinc  the  reduction  commences  in 
the  chloride,  and  grows  gradually  all  over  the  mass ;  the  resulting  finely- 
divided  silver  is  well  washe<l,  first  with  dilute  acid,  then  with  hot  water,  till 
all  acid  and  soluble  zinc  are  removed. 

The  moist  metal  is  then  mixed  with  a  little  sodic  ca.rbonat.e,  saltpetre, 
and  borax,  say  about  an  eighth  part  of  each,  dried  perfectly,  then  melted. 
Mulder  recommends  that  the  melting  should  be  done  in  a  porcelain  crucible 
immersed  in  sand  contained  in  a  common  earthen  cnicible:  borax  is  sprinkled 
over  the  surface  of  the  sand  so  that  it  may  be  somewhat  vitrified,  that  in 
pouring  out  the  silver  when  melted  no  particles  of  dirt  or  sand  may  fall  into 
it.  If  the  quantity  of  metal  be  small  it  may  be  melted  in  a  porcelain  crucible 
over  a  gas  blowpipe. 

The  molten  metal  obtained  in  either  case  can  be  poured  into  cold  water 
and  80  granulated,  or  upon  a  slab  of  pii)e-clay,  into  which  a  glass  plate  has 
been  pressed  when  soft  so  as  to  form  a  shallow  mould.  The  metal  is  then 
washed  well  with  boiling  water  to  remove  accidental  surface  impurities,  and 
rolled  into  thin  strips  by  a  goldsmith's  mill,  in  order  that  it  may  be  readily 
cut  for  weighing.  The  granulated  metal  is,  of  course,  ready  for  use  at  once 
without  any  rolling. 

1  gni.  of  this  silver  is  dissolved  in  pure  dilute  nitric  acid,  and 
diluted  to  1  liter ;  each  c.c.  contains  0*001  gm.  of  silver.  It  should 
he  kept  from  tlie  light. 

(d)  DroppinsT  Apparatus  for  Concludinflr  the  Assay. — Mulder 
constructs  a  si>ecial  affair  for  this  pur})ose,  consisting  of  a  pear- 
shaped  vessel  fixed  in  a  stand,  with  special  arrangements  for 
preventing  any  continued  flow  of  liquid.  The  delivery  tul)e  has  an 
opening  of  such  size  that  20  drops  measure  exactly  1  c.c.  The 
vessel  itself  is  not  graduated.  As  this  arrangement  is  of  more 
service  to  assay  than  to  general  laljoratories,  it  need  not  be  further 
described  here.  A  small  burette  divided  in  ^j^  c.c.  with  a  conve- 
nient dropping  tube,  will  answer  every  purpose,  and  possesses  the 
further  advantage  of  recording  the  actual  volume  of  fluid  delivered. 
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The  100-c.c.  pij>ette,  for  dolivoring  the  cuncentratod  salt  solution, 
must  he  accurately  graduated,  an<l  should  deliver  exactly  100  gin, 
of  distilled  water  at  16^  C. 

The  t<ist  hottles,  holding  ahout  200  c.c,  should  have  their 
8toj>pers  well  ground  and  brought  to  a  ix)int,  and  should  be  fitted 
into  japanned  tin  tul)es  reaching  as  high  as  the  neck,  so  as  to  pre- 
serve the  precipitated  chloride  from  the  action  of  light,  and,  when 
shaken,  a  piece  of  black  cloth  should  be  covered  over  the  stopper. 

(e)  Titration  of  the  Standard  Salt  Solution. — From  what  has 
been  said  previously  as  to  the  principle  of  this  method,  it  will  l)e 
seen  that  it  is  not  possible  to  rely  absolutely  upon  a  standard 
solution  of  salt  containing  5*4145  gm.  per  liter,  althotigh  this  is 
chemically  correi^t  in  its  strength.  The  real  working  ])ower  must 
be  found  by  experiment.  From  1*002  to  1*004  gm.  of  absolutely 
p\ire  silver  is  weighed  on  the  assay  balance,  put  into  a  test  bottle 
"with  about  5  c.c.  of  pure  nitric  acid,  of  about  1*2  sp.  gr.,  and  gently 
heated  in  thci  water  or  sand  bath  till  it  is  all  dissolved.  The 
nitrous  vapours  are  then  blown  from  tlie  bottle,  and  it  is  set  aside 
t<^  cool  down  to  about  16"  C.  or  60"  Fahr. 

The  100  c.c.  pipette,  which  should  be  securely  fixed  in  a  supj>ort, 
is  then  carefully  filled  with  the  salt  solution,  and  delivered  into 
the  test  bottle  contained  in  its  case,  the  moistened  stopper  inserted, 
covered  over  with  the  black  velvet  or  cloth,  and  shaken  con- 
tinuously till  the  chloride  has  clotted,  and  the  liquid  becomes  clear  ; 
the  stoj)per  is  then  slightly  lifted,  and  its  point  touched  against  the 
neck  of  the  bottle  to  remove  excess  of  liquid,  again  inserted,  and 
any  particles  of  chloride  washed  down  from  the  to])  of  the  bottle 
by  carefully  shaking  the  clear  liquid  over  them.  The  bottle  is 
then  brought  under  the  decimal  salt  burette,  and  J  c.c.  added,  the 
mixture  shaken,  cleared,  another  ^  c.c.  put  in,  and  the  bottle  lifted 
partly  out  of  its  case  to  see  if  the  precipitate  is  considerable ; 
lastly,  2  or  3  droi)S  only  of  the  solution  are  added  at  a  time  until 
no  further  opacity  is  produced  by  the  final  drop.  Suppose,  for 
instiince,  that  in  titrating  the  salt  solution  it  is  found  that  i  *003  gm. 
of  silver  require  100  c.c.  concentrated,  and  4  c.c.  decimal  solution, 
altogether  equal  to  100*4  c.c.  concentrated,  then — 

1003  silver  :  100*4  salt  :  :  1*000  :  x.  ^=100*0999. 

The  result  is  within  y^joxFiy  ^^  100*1,  whicli  is  near  enough  for  the 
purpose,  and  may  be  more  conveniently  used.  The  operator 
therefore  knows  that  100*1  c.c.  of  the  concentrated  salt  solution 
at  IG^  C.  will  exactly  precipitate  1  gm.  silver,  and  calculates 
accordingly  in  his  examination  of  alloys. 

In  the  assay  of  coin  and  plate  of  the  English  standard,  namely, 
11*1  silver  and  0*9  copper,  the  weight  corres|)onding  to  1  gm.  of 
silver  is  1*081  gm.,  therefore  in  examining  this  alloy  1*085  gm. 
may  be  weighed. 
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When  the  quantity  of  silver  is  not  approximately  known, 
a  preliminary  analysis  is  necessary,  which  is  best  made  by 
dissolving  i  or  1  gm.  of  the  alloy  in  nitric  acid,  and  precipitating 
very  carefully  with  the  concentrated  salt  solution  from  a  y\y  c.c. 
burette.  Suppose  that  in  this  manner  1  gm.  of  alloy  required 
45  c.c.  salt  solution, 

100-1  salt  :  1-000  silver  :  :  45  :  x,  :r  =  0-4495. 
Again  0-4495  :  1   :  :  1003  :  ;r  =  2-231. 

2*231  gm.  of  this  particular  alloy  are  therefore  taken  for  the 
assay. 

Where  alloys  of  silver  contain  sulphur  or  gold,  with  small 
quantities  of  tin,  lead,  or  antimony,  they  are  first  treated  with 
a  small  ([uantity  of  nitric  acid  so  long  as  red  vapours  are  disengaged, 
then  boiled  with  concentrated  sulphuric  acid  till  the  gold  has 
become  compact,  set  aside  to  cool,  diluted  with  water,  and  titrated 
as  above. 

Assaying:   on   the    Grain   System. 

It  will  be  readily  seen  that  the  process  just  described  may  quite 
as  conveniently  be  arranged  on  the  grain  system  by  substituting  10 
grains  of  silver  as  the  unit  in  place  of  the  gram  ;  each  decem  of 
concentrated  salt  solution  would  then  be  equal  to  -j^^  of  a  grain 
of  silver,  and  each  decem  of  decimal  solution  to  ^  J^  of  a  grain. 

5.     Analysis    of  the    Silver   Solutions    used    in   Photography. 

The  silver  bath  solutions  for  sensitizing  collodion  and  paper 
frequently  re([uire  examination,  as  their  strength  is  constantly 
lessening.  To  save  calculation,  it  is  better  to  use  an  empirical 
solution  of  salt  than  the  systematic  one  described  above. 

This  is  best  prepared  by  dissolving  43  grains  of  pure  sodicj 
chloride  in  1 0,000  grains  of  distilled  water.  Each  decem  (  =  10  grn.) 
of  this  solution  will  precipitate  0-125  grn.  (i.e.  \  gni.)  of  pure 
silver  nitrate ;  therefore,  if  one  Huid  drachm  of  any  silver  solution 
be  taken  for  examination,  the  numlnjr  of  decems  of  salt  solution 
required  to  precipitate  all  the  silver  will  be  the  number  of  grains 
of  silver  nitrate  in  each  ounce  of  the  solution. 

JCxamph :  One  fluid  drachm  of  an  old  nitrate  bath  was  c^irefuUy  measured 
into  a  stoppered  bottle,  10  or  15  drops  of  pure  nitric  acid  and  a  little 
distilled  wat^r  luided  ;  the  salt  solution  was  then  cautiously  added,  shaking 
well  aft^r  each  addition  until  no  further  precii)itato  was  produced.  The 
quantity  required  was  26'5  dm.  ^26^  grains  of  silver  nitrate  in  each  ounce 
of  solution. 

Crystals  of  silver  nitrate  may  also  be  examined  in  the  same  way, 
by  dissolving  say  30  or  40  grn.  in  an  ounce  of  water,  taking  one 
drachm  of  the  Huid  and  titrating  as  above. 
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111  consequence  of  the  rapiditj'  and  accuracy  with  which  silver 
may  be  determined,  wlien  potassic  chromate  is  used  i\s  indicator, 
fjonie  may  prefer  to  use  that  method.  It  is  then  necessary  to  have 
a  standard  sohition  of  silver,  of  the  Siinic  chemic^d  jM)wer  as  the 
salt  solution :  this  is  made  l)y  dissolving  125  grains  of  pure  and 
drv  neutral  silver  nitrate  in  1000  dm.  of  distilled  water;  both 
solutions  will  then  be  equal,  volume  for  volume. 

Supi)ose,  therefore,  it  is  necessary  to  examine  a  silver  solution 
used  for  sensitizing  paper.  One  drachm  is  measured,  and 
if  any  free  acid  be  present,  cautiously  neutralized  with  a  weak 
solution  uf  sodic  carl.»onate  ;  100  dm.  of  salt  solution  are  then 
added  with  a  pipette.  If  the  solution  is  under  100  grn.  to 
the  ounce,  the  quantity  will  be  sullicient.  3  or  4  drops  of 
chromate  solution  are  then  added,  and  the  silver  solution  tlelivere^l 
from  the  burette  until  the  red  colour  of  silver  chromate  is  just 
visible.  If  '^ryi)  dm.  have  been  required,  that  number  is  de<luctc*d 
fr»>m  the  100  dm.  of  salt  solution,  which  leaves  74*0  dm.,  or 
74.\  grains  to  the  ounce. 

This  method  is  much  more  likely  to  give  exact  results  in  the 
hands  of  persons  not  exjx^rt  in  analysis  than  the  ordinary  plan  Ijy 
precipitation,  inasmuch  as,  with  collodion  baths,  continuing  sis  they 
always  do  silver  io<lide,  it  is  almost  impossible  to  get  the  supernatant 
li(piid  clear  enough  to  distinguish  the  exact  end  of  the  analysis. 


SUOAB. 

S  74.  Sl'(JAILs  belong  to  the  large  class  of  organic  bodies  known 
as  *'  carbo-hydrates,'*  of  which  there  are  three  nmin  classes,  viz. :   - 

(1)  The  Cllucoses,  C*'ll^-0',  the  principal  members  of  whi(;li 
art* — glucose,  d(;xtrose,  or  grape  sugar,  occurring  In  thc^.  urin**.  in 
JJiaffvtrs  iiicllitNtt^  and  with  levulose  in  most  sweet  fruits  and  in 
honey  ;  levulose  or  fruit  sugar  ;  galacUjse. 

(2)  The  l)i-saccharides,  C^-1 1*^-0^ ^  the  chief  members  of  which 
are-  -cane  sugar  or  sucrose,  occurring  in  the  juice  of  the  sugar 
cane,  beet  root,  and  maple ;  milk  sugar  or  lactose,  occurring  in  the 
milk  of  mammals  and  in  various  pathological  secretions ;  malt 
sugar  or  maltose,  formed  by  the  action  of  malt  diastiise  upon 
star<'h. 

(3)  The  I'oly-saccharides,  or  starches  and  ginns  (C'^lP^l )')//,  of 
which  the  most  important  members  are  starch,  glycogen  (found  in 
the  liver),  dextrine,  and  c^illulose  or  wood-fibre. 

Tlici  di-  and  polynBaccharides  are  '*  inverted  "  or  "  hydrolyzed  " 
by  being  boiled  with  dilute  acids,  or  by  the  action  of  imorganized 
fcirnients  like  diastase  and  pejisin,  and  those  contained  in  yeast 
and  sidiva ;  I.e.,  they  l>ecomo  converted  into  glucoses.  Cane  sugar 
on  inversion  yields  ecpial  parts  of  dextrose  and  levulose  (invert 
•sugar),  milk  sugar  yields  dextrose  and  galactose,  maltose  yields 
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dextrase  ;  starcli,  glycogen,  dextwlMpand  cellulose  all  yield  dextrose 
as  the  final  product. 

The  methods  in  general  use  for  the  quantitative  estimation  of 
the  various  kinds  of  sugar  arc — the  fermentation  method, 
estimating  *the  final  density  of  the  saccharine  solution,  and 
the  amount  of  CO'-^  evolved ;  the  optical  methal,  by  the  [lolarimeter ; 
gravimotrically,  by  the  reduction  of  an  alkaline  copper  solution ; 
volumetrically,  by  reduction  of  copper  or  mercury  solutions. 

All  the  glucoses  reduce  the  alkaline  copper  solution,  known  as 
Fehling's,  more  or  less  readily;  maltose  and  lactose  reduce  it  in 
a  less  degree ;  starch,  cane  sugar,  dextrine,  and  cellulose  not  at  all. 
Other  substances  besides  sugars  reduce  Fehling's  solution,  e.<7., 
chloroform,  salicylic  and  uric  acids,  creatinine  and  phenyl- 
hydrazine. 

The  volumetric  method  of  estimating  glucose  by  Fehling's 
copper  solution  has  for  a  long  time  been  thought  open  to  question 
on  the  score  of  accuracy,  and  the  extensive  and  elaborate  experi- 
ments of  Soxhlet  have  clearly  shown,  that  only  under  identical 
conditions  of  dilution,  etc.,  can  concordant  results  be  obtained. 
The  high  official  position  of  this  chemist,  together  with  the  evident 
care  «hown  in  his  methods,  le^ve  no  doubt  as  to  the  general 
accuracy  of  his  conclusions.  His  rather  sweeping  statement,  how- 
ever, tiiat  the  accurate  gravimetric  estimation  of  glucose  by 
Fchling's  solution  is  impossible,  is  strongly  controverted  by 
Brown  and  Heron,  whose  large  experience  leads  them  to 
a  different  conclusion.  It  is  probable,  however,  that  both 
authorities  arc  right  from  their  own  points  of  view,  and  that 
Brown  and  Heron  do  obttiin  concordant  results  when  working  in 
])recisely  the  same  way;  whereas  Soxhlet  is  equally  correct  in 
stating  that  the  gmvimetric  estimation,  as  usually  performed  under 
varying  conditions,  is-^i>en  to  serious  errors. 

Kjeldahl  maintains  that  Feh ling's  solution,  however  pure  its 
constituents,  always  undergoes  a  slight  reduction  on  prolonged 
heating,  especially  in  strong  solution,  and  he  iixes  the  limit  of 
time  for  which  the  liquid  should  be  exposed  to  the  temperature  of 
boiling  water  at  twenty  minuti»s. 

The  Solution  of  Suerar. — For  all  the  processes  of  titration  this 
must  be  so  diluted  as  to  contain  h  or  at  most  1  per  cent,  of  sugar : 
if  on  trial  it  is  found  to  be  stronger  than  this,  it  must  l>e  further 
diluted  with  a  measured  (quantity  of  distilled  water. 

If  the  sugar  solution  to  l)e  examined  is  of  dark  colour,  or  likely 
to  conJbain  extractive  matte I's  which  might  interfere  with  the 
distinct  ending  of  the  reaction,  it  is  advisable  to  heat  a  measured 
<|uantity  to  boiling,  and  add  a  few  drops  of  milk  of  lime?,  allow  the 
j)recipitate  to  settle,  then  filter  through  purified  animal  charcoal, 
and  dilute  with  the  washings  to  a  definite  volume.  In  some 
instances  cream  of  alumina  or  l)asic  lead  acetate  may  Ije  used  to 
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dnrify  hifthly  noloiircil  or  iiujiurc  solution,  liul  no  leml  iiiuxt  lie 
left  in  tlie  Hohition." 

From  thick  innirilaginOHs  liiniida,  ot  those  which  I'Oiitiiin  u  Iarj,i> 
]iro|K)Ttion  of  unniniinoiis  or  extraiitivu  matters,  the  wngnr  it  Utst 
extracts  I  l).v  (.Jriihaiii's  diiilyscr, 

Tiie  Fcliling  niethoil  raiiy  Iw  apiilicd  directly  to  fivsh  iliiilietic 
urine  (see  Anaiyain  of  T'rinc),  an  also  to  lirewer's  wort  or  ilintillct's 
niiiHli.  I>cxtrine  dotiM  not  interfere,  unless  the  Iwiliii),'  of  the 
lii|nirl  itmler  titnktiim  iu  Inn^  continued. 

I.    InTBTslon  ot  Vartou*  SuBata  into  Gluoote. 

Onlimiry  eime  augur  is  l)e«t  invei-ted  liy  heating  to  alwit  70'  C. 
a  ililutc  solution  (in  no  cast-  should  the  coni^cntmtioii  exceed  25  ]ier 
cent.)  '>f  the  .uiigiLr  with  10  |ier  ciMit.  of  fuming  hydrochlorle  neJd 
for  IT)  niiruiteji.  Hilutii  sulphurii:  acid  is  iireferroil  hy  some 
oiierators.  If  the  mixture  in  lioiled,  the  invemon  oenirs  in  from 
5  tci  10  minutes.  The  inversion  of  milk  siigitr  take^  longer  time 
than  cane  supir. 

Malti)^  or  malt  HUj^ar  tnkex  a  niu'-h  longer  time  than  milk 
siifjinr,  hilt  niay  he  d(me  liy  the  addition  of  3  i-.e.  of  con  centra  teil 
8"li>hurie  aeid  to  100  i;.i-.  of  wort,  aud  heating  for  3  h'jurs  in 
a  Iwiling  water  Imth  ;  if  dextrine  is  iir<^sent,  it  is  also  inverted  at 
thi-  s:iin<^  time. 

Tln!  inversion  uf  the  sh)wly  changing  KUgars  may  l>e  hastened 
cousiclerahly  liy  heating  at  im-reased  aliHOS]>heric  [iressiire,  although 
some  authorities  condemn  the  priMies,-.  O'SuUivan  however 
:*tates  that  a  good  re.sult  with  maltose  or  dextrine  is  olitained  hy 
heating  30  gm.  of  the  siilietiince  in  100  ce.  of  water  enntaiuing 
1  c.c.  ot  li-SO*  fur  liO  minutes,  at  »  jireasHro  of  one  additiomd 
atmos]ihcr(^  (Allen's  Oiijatiir  Analij«iji  i.  21T). 

Alli'u  also  gives  a  hamly  roeans  of  carrying  out  this  metlusl, 
which  eonsiats  in  using  a  soil  a  water  Iwttle  with  ndilsT  stJijiiier 
tliroiigh  winch  ]NiHses  a  long  glass  tulH3  Iwnt  at  right  angles,  and 
immei-si'd  to  a  depth  of  30  inches  in  merciiry  coutain<?d  in 
a  vertii'al  tulie  of  glass  or  metal.  Tlie  ruhlier  stopper  must  lie 
secured  hy  wire,  aud  the  liuttle  heated  to  Itoiling  in  a  saturated 
solution  of  soilic  nitrate,  which  gives  a  tcm|icratiire  corresponding 
to  iin  extra  atmosphere.  Of  course  in  ail  eases  where  aeid  has 
U'Cn  usi;d  for  the  inversion  of  sugar,  it  must  1«  neutridi/ed  l>efore 
the  copper  titration  takcM  place;  this  may  be  done  cither  with 
smlic  or  potassic  hyilmtes  or  carlionates,  or  ealcic  corhonate  may  lie 
used. 


'AlthouKh  tnic«  oMaulnreaf  no  RToit  enuMDenoe  when  clwifjiDB  ni«u«  for  (ha 
oIrtuctiw^  il  in  of  irtvut  LmportAscfl  Co  nmoT«  bJI  lead  io  the  Tolumalrlc  Enethod.  In 
o  ilo  dijB  Lt  il  t#it  to  treat »  meiuuTBd  qiunClty  ot  tha  «ii^r  ■ 


been  cUrified  li;  leul  wltli  ■  Mttong  ■ulntlou  of  aulpharou  Kid  anill  no  lurthar 
preripilikta  ocean,  then  add  a  faw  drf>|4  of  ftlmnlui  h^dimtc  nupended  iix  wal«r, 
dilute  to  a  dcflnite  toLuius  luid  Hltor.  In  man;  cum  ooBMotntsd  eolutioD  at  Hidic 
cuTbonxte  Hill  lulSce  to  remoTS  tH  lead.  Ttaeea  mathoda  ot  clartflcKtioD  vefaiKhl]' 
□eco«ai7  in  the  cue  of  olbimiliioua  orffelatlooua  llc|DldH,  H  othvviae  tike  copper  o^da 
Kill  not  Kttle  naulilj,  and  it  b«coBiea  dllllcult  to  tell  when  the  end-nactlon  occnn. 
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Starch  from  various  sources  may  be  inverted  in  the  same  way 
as  the  sugars,  but  it  needs  a  prolonged  heating  with  acid.  For 
ap])roximate  ])urposes  I  gm.  of  starch  should  be  mixed  to  a  smooth 
cream  with  about  30  c.c.  of  cold  wat^r,  then  1  c.c.  of  strong 
hydrochloric  acid  added,  and  the  mixture  kept  at  a  lK)iling 
temperature  in  an  obliquely  fixed  flask  for  8  or  10  hours,  replacing 
the  evaporated  water  from  time  to  time  to  avoid  charring  the 
sugar,  and  testing  with  iodine  to  ascertain  when  the  inversion  is 
complete.     The  product  is  glucose. 

For  the  estimation  of  the  starch  itself  a  number  of  processes 
were  tried  by  Ost  (Chem,  Zeif,  1895,  xix.  1501),  the  one  which 
was  found  to  answer  best  being  that  of  Sachsse  (Chem.  CenfralM. 
viii.  732),  slightly  modified.  In  this  modification  3  gm.  of  the 
starch  are  heated  with  200  c.c.  of  water  and  20  c.c.  of  hydrochloric 
acid,  si)ecific  gravity  1*125  (  =  5*600  gm.  of  HCl),  for  two  to  three 
hours  in  a  boiling  water  bath,  using  the  factor  0*925  to  calculate 
the  glucose  found  in  the  starch.  Longer  heating  gives  results  too 
low,  and  two  hours  on  the  water  bath  are  not  sufficient.  Slightly 
higher  yields  of  glucose  (89*8  instead  of  89*5  per  cent.)  can  be 
obtained  by  heating  for  a  much  longer  period  with  less  starch  and 
acid,  but  there  is  no  advantage  to  be  gained  by  the  alteration. 
Oxalic  acid  gives  no  better  results.  Dextrine  may  be  determined 
in  the  same  manner ;  also  maltose,  if  1  gm.  of  the  latter  be  heated 
for  five  houi-s  with  100  c.c.  of  1  to  2  i)er  cent,  hydrochloric  acid 
as  before. 

100  parts  of  grape  sugar,  found  by  Feb  ling's  process,  represent 
90  i)arts  of  sUirch  or  dextrine.  When  dextrine  is  present  with 
grape  sugar,  care  mu&t  l)e  taken  not  U>  boil  the  mixture  too  long 
with  the  alkaline  copper  solution,  as  it  has  been  found  that  a  small 
portion  of  the  copper  is  precipitated  by  the  dextrine  (Rumpf  and 
Hcintzerling,  Z.  a.  C.  ix.  358). 

An  inversion  of  starch  may  ho  produced  more  rapidly,  and  at 
lower  temp(?rature,  by  using  some  form  of  diaistase  in  place  of 
acid.  An  infusion  of  malt  is  best  suited  t^i  the  purpose,  but  the 
temi)erature  must  not  exceed  7V  C.  (160^  Fahr.).  The  digestion 
may  vary  from  fifteen  minutes  to  as  many  hours.  The  presence  of 
unchanged  starch  may  be  found  by  occasionally  testing  with  iodine. 
If  the  digestion  is  carried  l>eyond  half  an  hour,  a  like  quantity  of 
the  same  malt  solution  must  be  digested  alone,  at  the  same 
temperature,  and  for  the  same  time,  then  titrated  for  its  amount  of 
sugar,  which  is  deducted  from  the  total  quantity  found  in  the 
mixture.  O'Sullivan  (/.  C,  S.  1872,  579)  has,  however,  clearly 
shown  that  the  efi'ect  of  the  so-called  diastase  is  to  produce  maltose, 
which  has  only  the  power  of  reducing  the  copper  solution  to  the 
extent  of  about  three-fifths  that  of  dextrose;  or  true  grape  sugar, 
the  rest  being  probably  various  grades  of  dextrine,  lirown  and 
Heron's  experiments  clearly  demonstrate  that  no  dextrose  is 
produced    from  starch    Ijy  even    prolonged    treatment  with  malt 
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extract ;  the  only  product  is  maltose.     Suli>liuvii:  or  other  similar 
(icidB  cause  complete  iiivRrsioii. 

For  the  exact  estimation  of  starch  iu  grain  of  varioun  kinik 
O'Sullivan  gives  very  elalmmtc  directions,  involving  tlie  tn-at- 
inent  of  tlie  fniletunce  with  alcohol  and  ether,  to  remove  fatty  and 
other  constituents  previous  to  digestion  with  iliaata.se.  Tlio  same 
authority  also  gives  special  directions  tor  the  i)rciiamtion  of  the 
jiniper  kind  of  diastase,  all  of  which  may  he  found  in  J.  C.  S. 
xlv.  1. 

S.    Eatlnuitlon  of  Gluoose   by  FtttallnB'*  Bolnttoa. 

Propantton  of  tho  Stuidud  Solntiona. — Fcbling's  StnndanI 
Cop|K!r  Sohitii>n. — Crystals  of  pure  cuprie  sulphate  are  powdered 
and  prca«\d  lietween  nnsizetl  paper  to  remove  adhering  moisture ; 
6928  gm.  are  weighed,  dissolved  in  water,  alxmt  1  c.c.  of  [lurc 
sul|ihnri(>  aciil  added,  anil  tho  solution  diluted  to  I  liter. 

Alkaline  Tartrate  Solution. — 350  g:n.  of  Rochclle  salt  (soilio- 
[wtassic  tartrate)  an'  dissolved  in  aliout  700  e.c.  of  water,  and  the 
solution  liltere<],  if  not  already  clear ;  there  is  then  adrknl  to  it 
a  clear  solution  of  100  gin.  of  caustic  soda  (prepared  Iiy  alcohol) 
in  aliout  200  c.c.  of  water.     The  volume  is  made  up  to  1  liter. 

Tliese  sohitions  arc  prepared  separately,  and  when  mixed  in 
exactly  einial  proportions  form  the  original  Tehling  solution, 
each  c.c  of  which  should  contain  0'03464  gm.  of  cupric  sulphate, 
and  represents  O'OOo  gm.  of  pure  anhydrous  grape  sugar,  if  tho 
conditions  of  titration  laid  down  liclow  aro  adhered  to.*  The 
method  is  based  on  the  fact  that  although  I'ehling's  solution 
may  bo  heated  to  boiling  without  change,  the  introduction  into  it 
of  tlie  amallest  '{iiantity  of  gra\ia  sugar,  at  a  boiling  temiierature, 
at  once  prodmres  a  precipitate  of  cu])rouB  oxide,  tiio  ratio  of 
reduction  being  uniform  if  the  conditions  of  experiment  are 
always  tho  same. 

Til-  Titration  of  O/.cMf  «,lth  Ffhiiug't  SoMioH.—i  c.c.  Oncli  of 
vLimliiril  copper  niiil  nlknline  tartrate  ^ohitioiu  ure  icriinitely  nunsurcil  into 
a  thill  wbilo  porcelain  basin.  40  c.c.  of  water  aJiloit,  and  tlio  bosiii  <|uickly 
halted  to  iHiiliii);  on  it  nud-bath  or  by  a  Kmftll  Rnmo.  No  reduclion  or 
rlmnito  "t  colour  should  ucrur;  it  it  doeH,  the  nikalitio  tartrate  nohition 
i»  probiibly  defei;tiv-»  from  ago.  This  may  probably  bo  rvinodicd  by  the 
additiriii  of  » little  frmli  enUHtic  alkali  on  teconil  trial,  hut  it  is  sdviHiblo  to 
wxi  a  new  solution.  The  (  or  1  per  ccut.  sugar  solution  is  then  delivered  in 
from  a  hiireltct  in  small  qiiuililies  at  a  time,  with  subsequent  boiliog,  uoti 


ciipriD  BululkAto  hoA  been  used.  Hid  the  Boludoiu  lutxed  roAj  at  tb 
«....»..,  ...lere  ne*d  ha  tbtt  lltt!a  f«KF  of  Inmnouru^T  •  narertheleu  it  la  ddi 
^tV}  the 

-'-■     -    II-IK  trra     nl    nnn  reni*  mi.„«    ,„  »u*.ut  ^.vy.  ^^.   -jv     »«»■,  ouul 

C.  tar  ten  mlDiita*.     The  tcii  ii  then 


..,,i..^...orie  acid,  ind  h™HnK  to  70"  ■"  •—  • '—'—      -^ '■■  '-  "■ ■"■ 

vilh  iodic  carbonite  ud  diluted  b.   _ 

Hnnir,  which  itekeepKOod  (or  muij  moi 
t  Tlie  ioitrumcut  ilionld  be  Bjnuiged  u  described  on  lAfre  HL 
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the  blue  colour  of  the  copper  solution  is  just  discharged,  a  point  which  is 
readily  detected  by  inclining  the  basin,  so  that  the  colour  of  the  clear 
supernatant  fluid  maj'  be  observed  against  the  white  sides  of  the  basin. 
Some  operators  use  a  small  thin  boiling  flask  instead  of  the  basin. 

It  is  almost  impossible  to  hit  the  exact  point  of  reduction  in  the 
first  titration,  but  it  affords  a  very  good  guide  for  a  more  rapid  and 
exact  addition  of  the  sugar  solution  in  a  second  trial,  when  the 
sugar  may  be  added  with  more  boldness,  and  the  time  of  exposure 
of  the  copper  solution  to  the  air  lessened,  which  is  a  matter  of 
great  importjince,  since  prolonged  boiling  has  undoubtedly  a 
l)rejudicial  effect  on  the  accuracy  of  the  process.* 

When  the  exact  point  of  reduction  is  obtained,  it  is  assumed 
that  the  volume  of  sugar  solution  used  represents  0*05  gm.  of 
grape  sugar  or  glucose,  for  10  c.c.  Fch ling's  solution  contain 
0*11  gm.  cujmc  oxide,  and  5  molecules  CuO  (396)  are  reduced 
to  cuprous  oxide  by  1  molecule  of  glucose  (180),  therefore 
396  :  180  =  0*11  :  0*05,  i.e,  0*05  gm.  glucose  exactly  reduces 
10  C.C.  Fell  ling's  solution. 

With  this  assumption,  however,  Soxhlet  does  not  agi-ee,  but 
maintains  from  the  results  of  his  experiments  on  carefidly  prepared 
standard  sugars,  tliat  the  accuracy  of  the  reaction  is  interfered 
with  by  varying  concentration  of  the  solutions,  duration  of  the 
experiment,  and  the  character  of  the  sugar. 

For  example,  he  found  that  the  reducing  power  of  glucose, 
invert  sugar,  and  galactose  was  in  each  case  lowered  by  dilution  of 
the  Feb  ling's  solution,  whilst  that  of  maltose  was  raised,  and  that 
of  milk  sugar  was  not  affected. 

The  remarks  which  Soxhlet  appends  to  his  exi)eriments  are 
thus  classified : — 

(1)  The  reducing  power  of  inverted  sugar,  for  alkaline  copper  solution,  is 
importantly  influenccil  by  the  concentration  of  the  solutions:  a  smaller 
quantity  of  sugar  being  required  to  decompose  Fehling's  solution  in  the 
undiluted  state  than  when  it  is  diluted  with  1,  2,  3,  or  4  volumes  of  water. 
It  is  immaterial  whether  the  sugar  solution  be  added  to  the  cold  or  boiling 
copper  reagent. 

(2)  If  inverted  sugar  acts  on  a  larger  quantity  of  copper  solution  than  it 
is  just  able  to  reduce,  its  reducing  power  will  be  increased,  the  increment 
varN'ing  according  to  the  amount  of  copper  in  excess  and  the  concentration 
of  the  cuprio  liquid;  in  the  previous  experiments  the  equivalents  varied 
from  1  :  9*7  to  1  :  12*6,  these  numbers  being  by  no  means  the  limit  of 
possible  variation. 

(8)  In  a  volumetric  estimation  of  inverted  sugar  by  means  of  Fe h  1  i n g'  s 
solution,  the  amount  of  copper  reduced  by  each  successive  addition  of  sugar 
solution  is  a  decreasing  quantity ;  the  result*  obtained  sire  therefore  perfectly 
empirical,  and  are  only  true  of  that  particular  set  of  conditions. 

(4)     The   statement   that   1  equivalent  of    inverted  sugar  reduces   10 

*  It  has  been  proposed  to  use  an  excess  of  copper,  and  to  estimate  the  exoecm 
iodometrioally  or  «(ith  cyanide  (^  56)  in  view  of  the  alleiared  iinoortoin  ending  in  the 
ordinary  Feiilinf?  process.  My  experiments  with  these  metliods  show  that  the 
erroi'S  are  g  reater  than  the  one  they  are  supposed  to  cure.  Moreover,  in  practised 
hands  the  true  ending  presents  no  difficulty. 
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equivalents  of  ruprir  oxide  is  not  true,  the  hyj^thesis  that  0*5  ^;m.  inverted 
sxiipir  reduces  lOO  cc.  of  Fehlinj^'s  solution  beinjr  shown  to  bo  incorrert ; 
the  real  amount  under  the  conditions  hiid  <h)wn  by  Fehlinj^  (1  vohnne  of 
alkaline  copper  solution,  4  volumes  of  water,  suj^r  solution  i — 1  per  cent.) 
being  i»7  c.c,  the  results  ol)tained  under  this  hypothesis  are,  therefore,  3  i»er 
cent,  too  low.  Where,  however,  the  above  conditions  have  l)ecn  fnllilled,  the 
results,  althou;:fli  not  absolutely,  are  relatively  correct;  not  so,  however,  those 
obtained  by  iirnivimetric  processes,  since  the  interfcren<re  of  concentration 
and  excess  has  not  been  previously  re<'ojjrnized. 

These  fa(!ts,  however,  do  not  vitiate  the  jjroce.ss  a.s  carried  out 
under  the  well  recognized  conditions  insisted  on  in  the  directions 
for  titration  that  wore  ;^iven  above.  If  these  are  adhered  to  it  is 
found  the  ."^ugars  have  the  following  reducing  powers — 

10  c.c.  Fell  ling  solution  are  completely  reduced  by 
0*05  gni.  glucose,  levulose,  galactose 
0*0475  gni.  cane  sugar  (after  inversion) 
O'067.S  gni.  milk  sugar 
0  0807  gm.  maltose 
0*045  gni.  starch  (after  inversion). 

Liiwe,  and  more  recently  Haines,  have  advocated  the  sulv 
stitution  of  an  alkaline  solution  of  glycerine  for  the  alkaline  tartrate 
in  Fell  ling's  solution.  This  soluticm  is  said  to  keep  indefinitely, 
but  it  is  not  so  delicate  a  test  as  Feb  ling's. 

3.    Estimation  of  G-luooie  by  Mercury. 

Knapi>\s  Standard  Mercuric  cyanide. — 10  gm.  nf  pure  dry 
nu*rcuri<'  cvaniih*  are  dissolved  in  alwrnt  000  c.c.  of  wat<'r  ;  100  cc 
of  <-au.stic  soda  scdution  (sp.  gr.  1*145)  are  added,  and  the  litjuid 
diIut(Ml  to  1  liter. 

Sachsse's  Standard  Mercuric  iodide.-  IS  gm.  <»f  pure  <lry 
mercuric  ioditle  and  25  gm.  of  potjissic  ioditle  are  dissolve<l  in 
water,  and  to  the  liijuid  is  adcb^d  a  solutiim  of  80  gm.  of  caustic, 
potash  ;  the  mixture  is  finally  dilut«*d  to  1  lit-cr. 

These  solutions,  if  well  preserved,  will  hold  th(*ir  strengtli 
unaltered  for  a  hmg  period. 

Tliese  S(dutions  an*  very  nearly,  but  not  quite,  the  same?  in 
mercurial  strength,  Kna])p's  contiiining  7*9305  gm.  Ilg  in  tlu! 
liter,  Sachsse's  7*9295  gm.  100  cc  of  the  former  are  equal  to 
100*1  cc  of  the  latter. 

Indicators  for  the  Mercurial  Solutions.—  Tu  the  case  of  Fehl  i  ng's 
solution,  the  alienee  of  blue  ("olour  acts  as  a  suflhrient  indicator, 
but  with  mercury  solutions  the  end  of  reaction  must  1h>  found  by 
an  ext<;rnal  iuilicatt^r.  Jn  the  case  of  Knapp'a  solution  the  end 
of  the  reaction  is  found  by  placing  a  drop  of  tlie  clear  yellowi.sh 
liquid  al)ove  the  precijdtate  on  pure  white  Swedish  filtcjr  ])aper, 
then  holding  it  first  over  a  ])ottle  of  funding  HCl,  then  over  strong 
.sulphurettcil  hydrogen  water  ;  the  slightest  trace  of  free  mercury 
shows  a  light  brown  or  yellowisli-brown  stnin.     The  indicator  In^st 
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adapted  for  Sachsse's  solution  is  a  strongly  alkaline  solution  of 
stannous  chloride  sjiotted  on  a  porcelain  tile.  An  excess  of 
mercury  gives  a  hrown  colour. 

TTie  Tiirafion:  40  c.c.  of  cither  solution  are  placed  iu  a  porcelain  basin 
or  a  flask,  diluted  with  an  equal  bulk  of  water,  and  heated  to  boiling.  The 
solution  of  suj^jir  of  i  per  cent,  strength  is  then  delivered  in  until  all  the 
mercury  is  precipitated,  the  theory  being  in  either  case  that  40  c.c.  should 
bo  reduced  by  01  gm.  of  dextrose. 

The  results  of  Soxli let's  experiments  show  that  this  estimate 
is  entirely  wrong* ;  nevertheless,  it  does  not  follow  that  these 
mercurial  solutions  are  useless.  It  is  found  that,  using  them  l)y 
comparison  with  Fehling's  solution,  it  is  possible  to  define  to 
some  extent  the  nature  of  mixed  sugars,  on  the  principle  of  indirect 
analysis. 

Knapp's  solution  is  strongly  recommended  by  good  authorities 
for  the  estimation  of  diabetic  sugar  in  urine.  The  method  of  using 
it  is  described  in  the  section  on  Urinary  Analysis. 

The  behaviour  of  the  sugars  with  alkaline  mercurv  solutions  was  tested 
by  Sox  hie  t  both  with  Knapp's  solution  and  Sachsse's  solution. 

He  found  that  different  results  are  obtained  from  Knapp's  solutions, 
according  as  the  sugar  solution  is  added  gradually,  or  all  at  once ;  when 
gradually  added  more  sugar  being  required;  with  Sachsse's,  however,  the 
reverse  is  the  case. 

To  get  comparable  results  the  sugar  must  be  added  all  at  once,  the  solution 
boiled  for  two  or  three  minutes,  and  the  liquid  tested  for  mercury,  always 
using  the  same  indicator ;  in  using  the  alkaline  tin  solution  as  indicator, 
0'2(X)— 0202  gm.  of  grape  sugar  was  always  required  for  100  c.c.  Knapp, 
in  a  large  number  of  experiments.  It  is  remarkable  that  these  two  solutions, 
although  containing  almost  exactly  the  same  amount  of  mercurj-,  require 
very  different  quantities  of  sugar  to  reduce  equal  volumes  of  them.  This  is 
shown  to  be  due,  to  a  great  extent,  to  the  different  amounts  of  alkali  present 
in  them. 

The  various  sugars  have  different  reducing  powers  for  the 
alkaline  mercury  solutions,  and  there  is  no  definite  relation  between 
the  amount  of  Knapp 's  and  Sachsse's  solutions  required  by 
them;  the  amount  of  Sachsse's  solution,  to  which  100  c.c. 
Knapp's  correspond,  varying  from  54*7  c.c.  in  the  case  of  galactose, 
to  74 '8  c.c.  in  the  case  of  invert  sugar. 

The  two  mercury  methods  have  no  advantage  in  point  of 
accuracy  or  convenience  over  Fchling's method,  the  latter  having 
the  preference  on  account  of  the  great  certainty  of  the  point  at 
whicli  the  reduction  is  finished. 

The  mercury  methods  are,  however,  of  great  importance,  both 
for  the  identification  of  a  sugar  and  for  the  estimation  of  two 
sugars  in  presence  of  each  other,  as  proposed  by  Sachsse. 
For  instance,  in  the  estimation  of  grape  and  invert  sugars  in 
l)resence  of  each  other,  there  are  the  two  equations:  a.r  +  />//  =  F, 
cx  +  dy  =  S. 

•  Careful  experiment  shows  that  40  c.c.  of  Suchsce's  soli  tion  is  redi c^d  by  0*134a 
^n.  dextrose  or  0*1072  gm.  invert  siigar. 
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Where — 

a  =  num])erof  1  c.c.  Fehling,  reduced  by  1  gin.  grape   sugar. 

A=              .,                      „  „  „  invert  sugar. 

c=              „                Sachsse  „  „  grape  sugar. 

''=■•              „                      n  »  „  invert  sugar. 

F=              „                Fehling,  used  for  1   vol.  sugar  sohition. 

S=              ,,                Sachsse  „  „  „ 

:r=  amount  of  grape  sugar  in  gms.  in   1   vol.   of  the  solution. 

//=          „  invert  sugar  „  „             „ 

It  need  hardly  l)e  mentioned  that  the  al)Ove,  like  all  other  indirect 
methods,  leaves  room  for  increased  accuracy ;  but  nevertheless  the 
combination  of  a  mercury  method  with  a  coi)per  method  in  the 
determination  of  a  sugar  whose  nature  is  not  exactly  known,  gives 
a  more  serviceable  result  than  the  hitherto  adopted  jjlan,  by  which 
a  solution  that  reduced  10  c.c.  Fehling  was  said  to  conUiin 
0-05  gm.  of  sugar  (/.  C.  S.  Abstracts,  1880,  758). 

Taking  the  reducing  power  of  grape  sugar  =100,  the  reducing 
powers  of  the  other  sugars  are  : — 

F 0 hi iuff  (undiluted).        Knapp.  Snohssc. 

Orape  sugar   100  100  100 

Invert  sugar  96-2  99*0  124*5 

I^vulose  (calculated) 92-4  102*2  1 4H-G 

Milk  sugar 70*3  649  70-9 

Galactose    93-2  830  74*8 

Inverted  milk  sugar 96*2  90*0  85*5 

Maltose  61*0  03*8  650 


4.    Sideraky*a  Uethod. 

This  process  has  found  great  favour  among  French  sugar  experts, 
and  is  based  on  the  use  of  Soldaini's  cupric  solution,  which  was 
devised  to  rcmc'dy  the  faults  common  to  Fehling  and  other 
cop[)er  solutions  containing  tartnited  and  caustic  or  carbonated 
alkalies. 

This  liquifl  is  prepared,  according  to  Degener,  in  the  following 
manner : — 40  gm.  of  cupric  sulphate  are  dissolved  in  water,  and,  in 
another  vessi^l,  40  gm.  of  sodic  carbonatte  arc  also  dissolved  in  water. 
The  two  solutions  are  mixed,  and  the  copper  precipitated  in  the 
state  of  hydrobasic  carbonate.  The  i)recipitate  is  washed  with 
(*old  water  and  dried.  This  precipitate  is  added  to  a  very  con- 
centrated and  boiling  solution  of  bicarbonate  of  potash  (about 
415  gm.)  and  agitated  until  the  whole  is  completely  or  nearly 
dissolved,  water  is  a<lded  to  form  a  volume  of  1400  c.c.,  and  tln^ 
whole  mass  heated  for  two  hours  upon  a  water-bath.  The  insoluble 
matter  is  filtered,  and  the  filtrate,  aft«r  cooling,  is  of  a  deep  blue 
colour.     The  sensibility  of   this  liquid  is  so  great  that  it  gives 
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a  decided  reaction  with  0*0014  gin.  of  invert  sugar.     The  presence 
of  sucrose  in  the  sohition  increases  this  sensibility  still  more. 

Sidersky  has  recently  offered  a  new  volumetric  method,  based 
\\\K)n  the  use  of  JSoldaini's  sohition.  With  sugars  the  same 
method  as  is  now  in  use  with  Fehling's  solution  can  easily  be 
followed,  watching  the  disappearance  of  the  blue  colour,  and 
testing  the  end  with  ferrocyanide  and  acetic  acid.  This  process 
offers  no  serious  objections  common  to  Feb  ling's  solution,  but  is 
inapplicable  to  coloured  sugar  solutions,  such  as  molasses,  etc.  For 
the  last  the  following  is  recommended : — 25  gra.  of  molasses  are 
dissolved  in  100  c.c.  of  w^ater  and  sub-acetate  of  lead  added  in 
sufficient  quantities  to  precipitate  the  impurities,  and  the  volume 
raised  to  200  c.c.  and  filtered.  To  100  c.c.  of  the  filtrate  are 
added  25  c.c.  of  concentrated  solution  of  carbonate  of  soda, 
agitated,  and  filtered  again.  100  c.c.  of  the  second  filtrate  with 
excess  of  lead  removed  are  taken  for  analysis.  On  the  other  hand, 
100  c.c.  of  Soldaini's  solution  are  placed  in  a  flask  and  heated  five 
minutes  over  an  open  flame.  The  sugar  solution  is  now  added 
little  by  little,  and  the  heating  continued  for  five  minutes.  Finally, 
the  heat  is  withdrawn  and  cooled  by  turning  in  100  c.c.  of  cold 
water,  and  filtered  through  a  Swedish  filter,  washed  with  hot 
water,  letting  each  washing  run  off  before  another  addition.  Three 
or  four  wai?hings  will  generally  remove  completely  the  alkaline 
reaction.  The  precipitate  is  then  washed  through  a  hole  in  the 
filter  into  a  flask,  removing  the  last  trace  of  coj)per.  25  c.c.  of 
normal  sulphuric  acid  are  added  with  two  or  three  crystals  of 
chlorate  of  potash,  and  the  whole  gently  heated  to  dissolve  com- 
pletely the  oxide  of  copper,  w-hich  is  transformed  into  copper 
sulphate.  The  excess  of  sulphuric  acid  is  determined  by  a 
standard  ammonia  solution  (semi-normal),  of  which  the  best 
indicator  is  the  sulphate  of  co[)per  itself.  When  the  deep  blue 
colour  gives  place  to  a  greenish  tinge  the  titration  is  completed. 
The  method  of  titration  is  performed  as  follows : — Having  cooled 
the  contents  of  the  flask,  a  quantity  of  ammonia  equivalent  to 
25  c.c.  of  normal  sulphuric  acid  is  added.  From  a  burette 
graduated  into  one-tenth  c.c.  standard  sul])huric  acid  is  dropped 
in  drop  by  drop,  agitating  after  each  addition.  The  blue  colour 
disappears  w^ith  each  addition  to  reappear  after  shaking.  When 
the  last  trace  of  ammonia  is  saturated  the  titration  is  complete, 
which  is  known  by  a  very  feeble  greenish  tinge.  The  number  of 
c.c.  is  read  from  the  burette,  which  is  equivalent  to  the  copper 
precipitated.  The  equivalent  of  copper  being  taken  at  31*7,  the 
normal  acid  equivalent  is  0*0317  of  copper.  Multiplying  the 
copper  found  by  3546  the  invert  sugar  is  found.  A  blank  titration 
is  needed  to  accurately  determine  the  slight  excess  which  gives 
the  pale  green  tinge.* 

•Report  of  Proceeding  of  Fifth  Auuual  CoavcnMou  of  the  Ameiic-.n  Association 
of  Official  AifricaltTiral  Chemists  (188 :J). 


B.  Fitry'm  modl&ed  Fehllnc  Prooaaa. 

This  iiietli<Ml  consults  iii  afldiii^;  aiiinioiiia  tii  tliu  I'riliniiry 
Frilling  Miiiitioii,  liy  which  inoiins  the  itrecipiUitioii  nf  ciiprciiis 
oxide  is  fiitiri'Iy  [iivvynted,  the  end  nf  tlie  rwietioii  beiuj^  sIkiwh  bj' 
the  lUsrtiJiwaraiice  of  thi>  liliic  tolowr  iti  a  (lorfwtly  clear  solution 
(C.  N.  xl.  77). 

The  solutiiiii  recoiniiipmlwl  l>y  Pavy  is  iwndc  Iiy  iiiixuig  120  ia-. 
ortlinnry  i'ehlinp  siihition*  (bpp  p.  309}  with  300  r.v.  of  stitmg 
aiiinuiiiia  (si),  gr.  O'HSO),  ail.liii(;  100  c.c.  of  ii  10  per  cent,  cnuetic 
Hoila  solution  or  of  a  14  i-cr  (.■cut.  solution  of  jiotiiKh,  anil  ililuting 
U)  A  liter.  If  Fchliiig's  Holutiim  is  not  uvailable,  I'avy'w  solution 
niiiy  be  niinlc  directly  by  adding  n  cooled  solution  of  1*1 -fi  ■riii, 
Koiilielle.  itidt  luid  lS-4  gm.  of  soda  (or  "iS'S  giu.  of  jiotawh)  to 
a  Bilution  of  4'ir)7  gm.  pure  ciipric  sulphate,  addihf,'  300  c.c. 
of  strong  ninninnia,  and  making  up  to  :i  liter.  100  c.r. 
I'avy's  iioiittion  =  10  c.c  Feh ling's  solution  -  0'05  gm.  of 
gluc<««-. 

Ah  ammoniacai  cuprous  flolutiomi  arc  reaiUly  oxidi/.ei],  it  is 
imiKirtant  bi  exclude  air  fnjin  tlio  lit|uid  during  titration.  The 
titration  should  be  m^ulc  in  a  small  boiling  tlask,  through  the 
I'ork  of  which  tlie  elongated  end  of  Uic  burette  is  jiasiK^d.  A  small 
cwape,  tulie,  preferably  with  a  valve,  alno  passes  thruiigii  tJie  same 
cork,  and  leads  into  a  vessel  containing  ivater  or  weak  acid.  In 
condcnsi-  the  ammonia  Allen  hiw  f')uud  a  Layer  of  paniffm  over 
the  liiiuid  an  clfective  means  nf  excluding  air. 

In  tarrying  out  the  titration  (100  c.c.  of  the  I'avy's  solution  is 
a  (.-onvenient  (piiuitity  to  take)  a  few  piccea  of  piimice  or  ]iipe- 
sti'm  are  mldcd,  tli<i  li<|tiid  brought  t«  boiling,  and  ke]>t  boiling 
whilst  till!  sugar  sidution  is  gradually  run  in.  Tln!  cntl-jwitit  is 
very  sharp.  \MiiLst  rapid  manipulation  is  dcsirahle,  the  solution 
must  not  be  run  hi  too  iiuickly,  Ijoeansc  reduction  takes  placn 
more  sluwly  than  with  Fehling's  solution. 

Tlic  nicthiHl  is  well  nilapted  for  the  examination  of  dialu'tic 
urine  ami  milk,  alscj  mixtures  of  milk  and  eane  sugnre,  and 
<-e-rt!iinly  has  the  advantage  over  the  ordinarj-  Feliling  method 
liy  its  definite  end-[Kiint. 

'  '/..  I'cska  gives  the  following  metliod  for  the  volumetric 
estimation  of  sugar  by  means  of  animoniacal  copjier  solution 
(Vlimi.  Z-it.  Ihp.  IHStn,  257).  In  order  to  avoid  the  ...vidation  of 
the  cop]>er  oicide  in  solution,  a  layer  of  vaseline  is  nsed  insb'ad  of 
tho  usual  current  of  hydrogen.  Two  aolutiona  are  prepared  : 
fiy27  gm.  (if  the  purest  crj'stallizcd  copjier  suli>liate  are  dissolved 
in  wat<-r,  160  c.e.  of  'IV,  ]wr  cent,  ammonia  addeil,  and  the  whole 
made  up  to  500  c.c. ;  34'-')  gut.  of  Kochelle  salt  and  10  gm.  of 
caustie  soda  arc  also  dissolved  and  diluted  to  500  c.c. 
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Process :  A  mixture  of  50  c.c.  of  each  liquid  is  heated  in  a  heaker  under 
a  layer  of  vaseline  oil  5  m.m.  thick,  to  a  temperature  of  80**  C.  The  sugar 
solution  is  run  in  1  c.c.  at  a  time  for  the  first  test,  but  on  a  repetition  the 
whole  amount  may  be  added  at  once.  Towards  the  end  of  the  titration,  the 
temperature  must  be  raised  to  85",  and  the  heating  continued  for  two  minutes 
when  working  on  either  glucose  or  invert  sugar,  four  minutes  for  maltose, 
and  six  minutes  for  milk  sugar.  Dextrine  increases  the  reducing  power  of 
the  sugar  in  this  solution  less  than  in  the  one  pre])ared  with  potash,  and  as 
the  ammonia  has  no  injurious  action,  the  whole  process  is  both  exact  and 
convenient.  "When  saccharose  is  present,  1  gm.  of  it  has  a  reducing  action 
equivalent  to  0*026  gra.  of  invert  sugar.  In  the  determination  of  lactose  in 
milk  the  albuminoids  should  be  precipitated  with  lead  acetate  and  the  excess 
of  lead  removed  by  sodium  sulphate.  The  following  table  gives  directly  the 
number  of  millignvms  of  each  sugar  in  100  c.c.  of  solution. 


c.c.  8 
used. 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


Glucose. 

907-8 

889-4 

8023 

730-7 

6708 

620-0 

576-3 

538-4 

505-2 

475-8 

449-7 

426-3 

405-2 

3860 

368-7 

352-8 

338-2 

324-8 

3124 

300-9 

290-3 

280-3 

271- 1 

262-4 

251-2 

2i6-6 

2393 

2326 

2261 

2200 

214-3 

208-8 

203-6 

198-7 

1941 

189-7 

185-4 

181-2 

177-3 

173-5 

1690 

166-4 


Invert 
sugar. 

1049-2 

9351 

844-6 

7700 

707-6 

654-5 

608-7 

5G8-9 

534-2 

503-3 

475-7 

451-2 

429-0 

408-8 

390-6 

3738 

358-4 

344-3 

331-2 

3193 

307-8 

297-3 

287-5 

278-2 

269-6 

261-6 

253-9 

246-7 

240-0 

233-5 

227-4 

221-7 

216-2 

211-0 

2060 

201-3 

196-7 

1923 

188-1 

1841 

180-3 

176-7 


Milk     Maltose.  \ 
sugar.  j 


1033-9 
971-4 
9160 
866-5 
822-3 
782-4 
746-0 
713-0 
682-7 
654-8 
629-2 
6055 
583-5 
5631 
544-1 
526-2 
509-5 
493-8 
479-1 
465-3 
452-2 
439*8 
4281 
4170 
406-5 
396-5 
3870 
377-8 
369-2 
360-9 
3530 
345-4 
338-1 
331-2 
324-5 


1023-0 
968-8 
920-3 
876-3 
836-4 
8000 
766-5 
735-8 
707-5 
681-3 
656-8 
634-1 
613-0 
593-2 
574-5 

557*1 
540-8 
525-3 
510-7 
496-8 
483*7 
471-3 
459*5 
448-3 
437-6 
427-4 
417-7 
408-4 
399-5 
391  0 
382-8 
374-9 
367-3 


C.C.  8 

used. 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

S7 

88 

89 

00 

91 


Ohicose. 

163-0 
159-8 
156*8 
153*9 
151*1 
148-4 
145*7 
143^1 
140-6 
138*2 
135-9 
133-7 
131-5 
129-4 
127-4 
125-4 
123-5 
121-7 
119-9 
118-2 
116*5 
114-9 
113*3 
111*8 
110*3 
108-8 
107*4 
1060 
104*6 
103-3 
1020 
100-8 
99*6 


Invert 
sugar. 

173*2 

169-8 

166*5 

163*4 

160*4 

157*5 

154*7 

1520 

149-4 

146-9 

144-5 

1422 

139*9 

137*7 

135-5 

133-4 

131-4 

129-5 

127-6 

125-7 

123-9 

122-2 

120-5 

118-9 

1173 

115-8 

114-3 

112-8 

111-4 

110-0 

108-6 

107-2 

105-9 

104-6 

103*4 

102*2 

101-1 


Milk 
sugar. 

3181 

311*9 

306*0 

300*3 

294*8 

289*4 

284*2 

279*3 

274*5 

269*9 

265-4 

2611 

256*9 

252*9 

2490 

2452 

241-5 

2379 

234-4 

2310 

227-7 

224-6 

221*5 

218-5 

215*6 

212*8 

210*0 

207-3 

204*7 
2021 
199*6 


Maltose. 

3600 

3530 

346-3 

339-9 

333*8 

327-9 

322*2 

316*7 

311*4 

306*3 

301-3 

296*4 

291*6 

2870 

2826 

278*3 

274*1 

2700 

266-1 

262*3 

258*6 

2550 

251*5 

248*1 

244-8 

241-6 

238-4 

235*3 

2323 

229*4 

226*6 

223-9 

221-2 

21vS-6 

2160 

213-5 

211-1 

208-7 

206-4 

204-1 

201*9 

199-7 


§  71- 


fl.   Oerrard'B  Cykno-ouprlo  Frooeas. 


This  process  (yeHC  Book  Phariit.  1802,  400),  lis  iiii|)rovoil  l»y 
Gfirraril  ami  A.  H,  Allen,  iiromisen  Ui  provii  (i  vnliialik  addition 
t"  tlic  in'otesses  of  titKition  lioseil  on  the  nHliuaiiy  \-mwv  of  glucose. 
It  Ims  tliR  (idvantrtse  over  Pavy's  niothwl  in  oaiisiiif;  no  evolution 
<if  jimiiioiiia  ;  moreover,  the  reduced  twlutioii  is  reoxidized  so  Hiowly 
that  titnition  niny  cvi.'u  1w  eoiiducted  iu  un  open  dieli  witli  rvnsou- 
ahle  ex])e<litioiL  Tlii'.  pnici!H!>  is  based  on  tha  following  faels: — 
"When  a  sohition  of  jiotasiiiuiii  cyanide  is  addeil  to  a  solution  of 
cojjjier  suli>liatc  ji  colourless  aUible  double  cyanide  of  copiier  imd 
liotossiuni  is  formed,  tluis:— 

CiiS(j'  +  4ivCy  =  CHCy»,2KCy  +  K^SO'. 

Tliis  sidt  is  not  dceoiu]y>sed  by  alkaliei',  hydrogen  sulphide,  or 
ammonium  sid|i]iidc.  If  [lotasaium  eyauido  be  added  to  Fehling's 
eohition  the  litter  ia  decoIouriKi^l,  tlie  above  double  sidt  being 
formed  at  tbe  sumo  time,  and  if  the  colourless  solution  Iw  Imiled 
with  glucose  no  enproiis  oxide  is  prceipitatCiL  If  there  be  present 
<-xccss  of  Fehling's  solution  over  the  amount  capable  of  lieinf; 
deiriilourized  by  the  |>otaMsium  cyanide,  tlie  mixture  is  bhic,  and  when 
it  is  lioilod  with  a  reducing  sugar  the  extra  ]iortion  is  reduced,  but 
111)  cu|>rous  oxide  is  prccijutated,  the  ]irogioss  of  the  reduction 
1>eitiK  markeil  by  the  gradual  and  final  diBftpiicarance  of  the  colour 
of  the  solution,  jnst  as  in  I'avy's  process. 

Pmeit  of  Tilnilio».—  \0  e.c,  ot  frenh  Fohlin>c'N  «iliiti(Hi.  or  5  e.c.  al 
oiicli  ill  llio  cniii'tiliicnt  Tio1iitinii»  are  diluttd  with  -K)  r  v.  ui  nuler  in 
a  iwrecbiiii  ili^li  and  heatiil  to  boiling.  An  npjJTojiinuitcIy  G  imr  cent. 
hiiUitioii  of  iwliiiuuiiui  rvBiiido  in  nildod  very  cniitiooiily  from  n  biirellc  (ir 
piliettc  tu  tiic  Klill  boil'inu  nii<l  ncU  aK'taled  blue  lii|uiil,  till  tlin  cnlimr  is 
juKl  iibout  111  iliNa]>iJvir.    Kxccsn  of  cynnidc  iimst  be  carotully  iivoided.* 

lOr.c.ur  relilini;*i<oluUi)n  uro  now  nccnrat-cly  nieaf>iiTCd  into  tlie  ilinh, 
nnri  the  »ujnir  sohilioii  {ot  about  1  \Kt  cent.  I'Irciiiilli  (,'locosc)  run  iii  slowly 
fniiti  a  burette  wi(b  eoustnnl  iiIirriiiK  mid  ebullition,  till  the  blue  niloiir 
diNippPum.  Only  tlic  scoiind  measure  of  Veblini,''!  Kohition  tuRerH 
rctliictiuij.  The  volonic  of  sugar  Milution  run  in  cnntain*  (VOS  |tiu.  of 
Klucore. 


It  cannot  be  claimed  for  the«j  estimations  tliat  they  arc 
alwolutcly  exact ;  but  with  care  and  ]iracti''e,  acconipanied  with 
uiiif<jrm  conditions,  they  are  ])rol)alily  cajMibie  of  the  Iwst  possible 
results  whatever  methotls  may  l)0  used. 

Cone  Savax,  Orape  Surax,  and  Dextrina  (Biard  nnd  Pellet, 
Z,  a,  C.  xx\\.  276).  The  «olulion  containioii  these  three  fomw  is  first 
litruted  with  the  usual  Fcblin^  solution  for  grape  augar.     A  eccond  i>ortion 

*  Ah  the  double  OTuddB  Bolutloa  kocpi  for  •duui  tlm*.  a  irlock  inaj  be  mode  up.  «o 
Ihmt  SU  CO.  codUId  lU  c.c  at  FahUnK'i  ■olnlloD.and  that  Tolnms  taken  Inr  «ch 
litntioD,  iiutaad  ul  guing  thraui;D  Iho  proceu  o[  i 


318  VOLUMETKIC   ANALYSIS.  §    75. 

is  boiled  with  acetic  acid  (which  only  inverts  cane  sugar)  and  titrated. 
Piujilly,  a  third  portion  is  completely  inverted  with  sulphuric  acid  and 
titrated.  The  difference  of  the  first  and  second  titrations  gives  the  cane 
Kugar,  and  that  of  the  second  and  third  the  dextrine. 

Uilk  and  Cane  Sugrar. — If  the  estimation  of.  milk  sugar  is  alone  re- 
quired, and  by  the  usual  Feb  ling  solution,  the  casein  and  albumen  must 
be  first  removed.  Acidify  the  liquid  with  a  few  drops  of  acetic  acid,  warm 
until  coagulation  is  efl*ected,  and  filter.  Boil  the  filtrate  to  coagulate  the 
albumen.  Filter  again,  and  neutralize  with  soda  pre^^ous  to  treatment  for 
sugar  by  the  copper  test.  The  number  of  c.c.  of  Fehling*s  solution 
required,  multiplied  by  0*006786,  will  give  the  weight  of  milk  sugar  in 
grams.  Direct  estimation  by  Pavy-Fehling  is  preferable  to  this  method. 
Cane  sugar  in  presence  of  milk  sugar  ma}'  be  estimated  as  follows : — Dilute 
the  milk  to  ten  times  its  bulk,  having  previously  coagulated  it  with  a  little 
citric  acid,  filter,  and  make  up  to  a  definite  volume,  titrate  a  portion  with 
Pavy-Fehling  solution,  and  note  the  result.  Then  take  100  c.c.  of  the 
filtrate,  add  2  gm.  of  citric  acid,  and  boil  for  10  minutes,  cool,  neutralize, 
make  up  to  200  c.c,  and  titrate  with  copper  solution  as  before.  The  difference 
between  the  reducing  powers  of  the  solutions  before  and  after  conversion  is 
due  to  the  cane  sugar,  the  milk  sugar  not  being  affected  b}'  citric  acid. 

Stokes  and  Bodmer  {Analyst  x.  62)  have  experimented  largely  on  this 
method,  and  with  satisfactory  results.  The  plan  adopted  by  them  is  to  use 
40  c.c.  of  Pavy-Fehling  liquid  (  =  002  gm.  glucose),  and  to  dilute  the 
sugar  solution  (without  previous  coagulation),  so  that  from  6  to  12  c.c.  are 
required  for  reduction.  By  using  a  screw-clamp  on  the  rubber  burette  tube, 
the  sugar  solution  is  allowed  to  drop  into  the  boiling  liquid  at  a  moderate 
rate.  If  Cu-0  should  be  precipitated  before  the  colour  disappears,  a  fresh 
trial  must  be  made,  adding  the  bulk  of  the  sugar  at  once,  then  finishing  b}' 
drops.  If,  on  the  other  hand,  the  sugar  has  been  run  in  to  e.xcesj*,  which 
owing  to  the  rather  slow  reaction  is  easily  done,  fresh  trial  must  be  again 
made  until  the  proper  ijoint  is  reached :  this  gives  the  milk  sugar.  Mean- 
while a  x>ortion  of  the  mixed  sugar  solution  is  boiled  with  2  per  cent,  of 
citric  acid,  neutralized  with  Nll^  made  up  to  double  its  original  volume, 
and  titrated  as  before. 

These  oi)erators  have  determined  the  reducing  action  of  milk, 
cane,  and  grape  sugar  on  tlie  Pavy-Fehling  liquid,  the  result 
being  that  100  lactose  represents  respectively  52  glucose,  or  49*4 
sucrose. 

The  Pavy-Fehling  liquid  is  admirably  adapted  for  the  esti- 
mation of  lactose  in  milk  direct  after  dilution,  no  coagidation  being 
necessary. 

SUIiPHTTB. 

S-32. 

Estimation    in   Pyrites,    Ores,    Besidues,    etc. 
1.    Alkalimetric  Method   (Pelouze). 

5j  75.  This  process,  designed  for  the  rapid  estimation  of  sulphur 
in  iron  and  copper  pyrites,  has  hitherto  been  thought  tolerably 
accurate,  but  experience  has  shown  that  it  cannot  be  relied  upon 
except  for  rough  technical  purposes. 
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The  process  is  based  on  the  fact,  that  when  a  siilj)liule  is  ignited 
with  potossic  chloratt'  and  sodic  carbonate,  the  8ulj)hiir  is  converted 
entirely  into  sulphuric  acid,  which  cxjjcIs  its  etiuivalent  jiroportion 
of  carbonic  acid  from  the  soda,  forming  neutral  sodic  suli)hate ;  if 
therefore,  an  accurately  wr'ighed  quantity  of  the  substance  bo 
fused  with  a  known  weight  of  pure  S(xlic  <'arbonat(;  in  excess,  and 
the  resulting  mass  titrjited  with  normal  acid,  to  find  the  (juantity 
of  Tinaltered'  carbonate,  the  proportion  of  sulphur  is  readily 
calculated  from  the  difference  between  the  volume  of  normal  acid 
recpiired  to  saturate  the  original  carbonate,  and  that  actually 
required  after  the  ignition. 

Jt  is  advisable  to  take  1  gm.  of  the  finely  levigated  pyrites,  and 
5*3  gm.  of  pure  sodic  carbonate  for  each  assay ;  and  as  5*3  gm.  of 
sodic  carbonate  represents  100  c.c.  of  normal  sulphuric  acid,  it  is 
only  necessary  to  subtract  the  inunber  of  c.c.  used  after  the  ignition 
from  100,  and  multiply  the  remainder  by  O'OIG,  in  onler  to  arrive 
at  the  weight  of  sulj)hur  in  the  1  gm.  of  pyrites,  and  by  moving 
the  decimal  point  two  places  to  the  right,  the  percentage  is  obtahied. 

Example :  1  gm.  of  finely  ground  FoS-  was  mixed  intimateltf  with  5*3  pm. 
sodic  curbonate,  and  about  7  ^m.  each  of  potassic  chlorate,  and  docronitated 
sodic  chloride,  in  powder ;  then  introduced  into  a  platinum  criioible,  and 
^ddiially  exposed  to  a  dull  rod  heat  for  ten  minutes ;  the  cniciblo  suffered 
to  cool,  and  warm  water  added ;  the  solution  so  obtained  was  brouj^ht  on 
a  moistened  filter,  the  residue  emptied  into  a  beaker  and  boiled  with  a  large 
<|uantity  of  water,  brou>cht  on  the  filter,  and  washed  with  boiling  water  till 
all  soluble  matter  was  removed  ;  the  filtrate  coloured  with  methyl  oran*re, 
and  titrated.  (57  c.c.  of  nonnal  acid  were  required,  which  deducted  from  lOO, 
left  33  c.c. ;  this  nmltiplied  by  0*01 «  gave  0528  gm.  or  52*8  per  cent.  S. 

Bnmt  Pirrites. — The  only  satisfactory  volumetric  method  of 
estimating  the  suljdiur  in  the  residual  ores  of  pyrites,  is  that 
described  by  "NVatson  (J.  8,  C  /.  vii.  305),  and  which  is  in  daily 
use  in  large  alkali  works.  In  order  to  avoid  calculation,  AVatson 
adopts  the  following  method  : — 

Standard  Hydrocldoric  Acid. — 1  c.c.  =0'02  gm.  Xa-O. 

Sodic  bicarbonate. — This  may  be  the  ordinary  commercial  salt, 
but  its  exact  alkalinity  must  be  a.scortained  by  the  standard  acid. 
Where  a  numl^er  of  analyses  are  being  made,  a  good  quantity  of 
the  salt  should  be  well  mixed,  and  kept  in  a  stoppered  bottle.  Its 
exact  alkalinity  having  been  once  determined  it  will  not  alter, 
th(nigh  daily  oi)cned. 

Process:  2  >rm.  of  bicarbonate  is  jdaccd  in  a  crucible  which  may  be 
either  of  platinum,  porcelain,  or  nickel,  and  to  it  is  added  5*1G  gm.  of  the 
finely  |K)wdered  ore,  then  intimately  mixed  with  a  flattened  j^lass  rod. 
Heat  gently  over  a  Bunsen  burner  for  5  or  10  minutes,  and  break  up  the 
ma«*s  with  a  stout  copper  wire.  After  stirring,  the  heat  is  increased  and 
continued  for  U)  or  15  minutes.  The  cnicible  is  then  washed  out  with  hot 
water  into  a  beaker.  The  mixture  is  boiled  for  15  miiuites,  filtered  into 
a  flask,  the  residue  washed  repeatedly  with  hot  water,  then  cooled  and 
titrated  with  the  standard  acid,  usiog  methyl  orange  as  indicator. 
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Example :  2  gm.  of  the  bicarbonate  originally  required  87*5  c.e.  of  acid. 
After  ignition  with  the  ore,  28  c.c.  were  required  =  9*5  c.c,  this  divided  by 
5  will  give  1*9,  which  is  the  percentage  of  total  sulphur  in  the  ore. 

This  total  sulphur  inchides  that  which  exists  as  soluble  sulphide, 
and  which  is  not  avfiilable  for  acid  making.  In  order  to  find 
the  amount  of  this  soluble  sulphur,  Watson  boils  5*16  gni.  of  the 
ore  with  5  c.c.  of  standard  sodic  carbonate  (1  c.c.  ~  0*05  gm.  Na'^0) 
diluted  with  water,  for  15  minutes.  After  filtering  and  washing, 
the  filtrate  is  titrated  with  the  standard  hydrochloric  acid,  and  the 
<lifFerence  between  the  volume  used  and  that  which  was  originally 
required  for  5  c.c.  of  the  soda  solution  is  divided  by  5,  as  in  the 
case  of  the  former  process,  which  gives  at  once  the  percentage  of 
sulphur  existing  in  the  ore  in  a  soluble  form.  The  results  are  not 
•absolutely  exact,  but  quite  near  enougli  to  guide  a  manufacturer  in 
the  working  of  the  furnaces. 

This  method  is  not  available  for  unburnt  pyrites. 


2.     ISstixnation    of   Sulphur   in    Coal    Gas. 

A  most  convenient  and  accurate  process  for  this  estimation  is 
•that  of  Wildenstein  (§  76.2).  The  liquid  produced  by  burning 
.the  measured  gas  in  a  Letheby  or  Vernon  Ilarcourt  apparatus 
is  well  mixed,  and  brought  to  a  definite  volume ;  a  portion  repre- 
senting a  known  number  of  cubic  feet  of  gas  is  then  poured  into 
a  glass,  porcelain,  or  platinum  basin,  acidified  slightly  with  HCl, 
heated  to  boiling,  and  a  measured  excess  of  standard  baric  chloride 
added ;  the  excess  of  acid  is  then  cautiously  neutralized  with 
ammcmia  (free  from  carbonate),  and  the  excess  of  bariiim  ascer- 
.•tained  by  standard  potassic  chromate  exactly  as  described  in 
§  76.2. 

The  usual  method  of  stilting  results  is  in  grains  of  sulphur  per 
100  cubic  feet  of  gas.  This  may  be  done  very  readily  by  using 
semi-normal  solutions  of  baric  chloride  and  potassic  chromate  on 
the  metric  system,  and  multiplying  the  ninnber  of  c.c.  of  baric 
solution  required  with  the  factor  0'1234,  which  at  once  gives  the 
.amount  of  suli)hur  in  grains. 


3.     Estimation  of  Sulphur  in  Sulphides  decomposable  by 
Hydxoohlorio  or  Sulphuric  Acids   ( W  ell). 

This  process,  communicated  to  me  by  M.  "Weil,  is  based  on  the 
fact  that,  in  the  case  of  suljdiides  where  the  whole  of  the  sulphur 
as  given  off  as  Il-'S  by  heating  with  HCl  or  1I^S0^  the  H-S  may 
be  evolved  into  an  excess  of  a  standard  alkaline  copper  solution. 
After  the  action  is  complete,  the  amount  of  Cu  left  luireduced  is 
..estimated  by  standard  stannous  chloride.  The  method  is  available 
for  the  sulphides  of    lead,  antimony,  zinc,  iron,  etc.      Operators 
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should  consult  and  practise  the  methods  described  in  §  58.6,  m 
onler  to  become  accustomed  to  the  sjiecial  reaction  involve<l. 

Process:  From  1  to  10  jrm.  of  material  (a<!oordin>f  to  it**  rirhiiesw  in 
sulphur)  iu  the  finest  state  of  division,  are  put  into  a  lon^-necked  flattk  of 
about  2U0  c.c\  oa])acity,  to  which  in  flttod  a  bent  delivery  tube,  80  nrranKed  as 
to  dip  to  the  bottom  of  a  till  cyhnder,  containing  50  or  10(>  c.c.  of  standard 
copper  solution  made  by  dissolving  39*523  >^n.  of  cupricr  sulphate,  2()()  vrm. 
of  Kochelle  salt  and  125  gm.  of  pure  caustic  soda  in  water,  and  diluting  to 
1  liter  (10  c.c.  =  0*  1  gm.  Cu) .  When  this  is  ready,  a  few  pie<*os  of  granulated 
zinc  are  added  to  the  sulphide.  75  c.(;.  of  strong  HCl  are  then  poured  over 
them,  the  cork  with  delivery  tube  immediately  inserted,  ronnecte<l  with  the 
copper  solution,  and  the  flask  heated  on  a  sand-bath  until  all  evolution  of 
H'S  is  ended.  The  blue  solution  and  black  precipitate  arc  then  brought  on 
a  Alter,  filtrate  and  washings  collected  in  a  200  or  260  c.c.  flask,  and  diluted 
to  the  mark  ;  20  c.c.  of  the  clear  blue  liquid  are  then  measured  into  a  boiling 
flask,  and  evaporated  to  10  or  15  c.c.  26  to  50  c.c.  of  strong  UGl  are  then 
added,  and  the  standard  tin  solution  dropped  in  while  boiling,  until  the  blue 
gives  place  to  a  clear  pure  yellow. 

Each  c.c.  of  standanl  copper  solution  repre8(»nts  0*50393  gm. 
of  sulphur.  The  addition  of  the  grannlatetl  zinc  facilitates  the 
liberation  r>f  the  H-S,  and  swe(jp8  it  out  of  the  fla.sk ;  moreover, 
in  the  ca.se  of  dealing  with  lca<l  sulphide,  which  forms  insoluble 
lead  chloride,  it  mat<'rially  a.ssists  the  docomiKwition.  Alkaline 
tartrate  solution  of  copper  may  be  used  in  i)lace  of  ammoniacal 
solution  if  so  desircil. 

Example*  (Weil)  :  1  gm.  of  galena  was  taken,  and  the  gas  delivered  into 
50  c.c.  of  standard  copper  soluti<m  (—0*5  gm.  Cu).  After  com]tlete  pre- 
cipitation the  blue  Iwiuid  was  dilutcnl  to  200  c.c.  20  c.c.  of  this  reijuired 
12*5  c.c.  of  .stannous  chloride,  the  tit  re  of  which  was  IHo  c.<'.  for  0*04  gm. 
Cu.  Therefore  Wo  :  004  :  :  126  :  00303.  Thns  200  c.c.  (  _  1  gm.  galena) 
represent  0-3(W  gm.  Cu.  Then  0*5  gm.  Cu,  less  o:K)3  --  0197  inn.  for  1  gm. 
galena  or  19*7  for  100  gm.  Conse<iuently  197  x  0*50393  :=:  1»*92  jjcr  cent.  8. 
Estimation  by  weight  gave  9*85  per  cent.  AgJiin,  1  gm.  zinc;  suli»hide  was 
taken  with  100  c.c.  copi)er  solution  and  made  up  to  250  c.<\,  25  c.c.  of  which 
required  14*3  c.c.  of  same  stannous  chloride,  or  143  c.c.  for  the  1  gm. 
sulphide.  This  represents  0*347  gm.  Cu.  Thus  1— 0*;J47  ^  0*65;j  gm.  Cu 
(precipiUted  as  CuS)  or  06*3  per  100.  Conswiuently  05*3  x  0*50393  —  32*9 
per  cent.  8.    Control  estimation  by  weight  gave  33  per  cent. 

The  process  has  given  me  g^nxl  technical  results  with  Sb'-'S'*,  but 
the  proiMjrtion  of  sulphur  to  copper  is  too  great  to  exj)ect  strict 
accuracy. 


4.     Estimation  of  Alkaline  Sulphides  by  Standard  Zinc  Solution. 

This  method,  which  is  simjdy  a  counterpart  of  g  8l\3,  is 
especially  ai»i>licable  for  the  technical  determination  of  alkaline 
sulphides  in  impure  alkalies,  mc^ther-liquors,  etc. 

If  the  zinc  solution  be  made  by  dissolving  3*253  gm.  of  ])ure 
metallic  zinc  in  hydrochloric  acid,  8U])er8aturating  with  ammonia, 
and  diluting  to  1  liter,  1  c.c.  will  respectively  indicate — 

Y 
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0-0016  gm.  Sulphur 
0-0039      „   Sociic  sulphide 
0*00551    „   Potassic  sulphide 
0-0034      „  Ammonic  sulphide. 

The  zinc  solution  is  added  from  a  burette  until  no  dark  colour  is 
shown  Avhen  a  drop  is  brought  in  contact  with  solution  of  nickel 
sulphate  spread  in  drops  on  a  white  ixircelain  tile. 

6.     Snlphuroas   Aoid   and  Sulphites: 

The  difficulties  formerly  presented  in  the  iodometric  analyses  of 
these  substances  are  now  fortunately  quite  overcome  by  the 
modification  devised  by  Giles  and  Shearer  (J".  S.  G,  I.  iii.  197 
*  and  iv.  303).  A  valuable  series  of  experiments  on  the  estimation 
of  S()'^,  either  free  or  combined,  are  detailed  in  these  papers.  The 
modification  is  both  simple  and  exact,  and  consists  in  adding  the 
weighed  SO-  or  the  sulphite  in  powder  to  a  me^asured  exce«» 
of  j*^  iodine  without  dilution  with  water,  and  when  the  decom|)osi- 
tion  is  complete,  titrating  back  with  /'^  thiosulphate.  Very  con- 
centrated solutions  of  S(  )''^  are  cooled  by  a  freezing  mixture,  and 
enclosed  in  thin  bulbs,  which  can  be  broken  under  the  iodine 
solution :  this  is,  however,  not  reciuired  with  the  onlinary  pre- 
parations. Sulphites  and  bisulphites  of  the  alkalies  and  alkaline 
earths,  also  zinc  and  aluminium,  may  all  be  titrated  in  this  way 
with  accuracy ;  the  less  soluble  salts,  of  course,  requiring  more 
time  and  agitation  to  ensure  their  decomposition.  A  preliminar}^ 
titration  is  first  made  with  a  considerable  excess  of  iodine,  and 
a  second  with  a  more  moderate  excess  ixa  indicated  bv  the  first 
trial.     1  c.c.  ^^;y  iodine  =  0*0032  gm.  SO-. 

The  authors  found  that  when  perfectly  jjun;  iodine  and  neutral 
potasvsic  i(Klide  were  used  for  the  standanl  solution,  its  strength 
remained  intjict  for  a  long  period;  and  the  same  with  the 
thiosulphate,  if  the  addition  of  i\]Knit  2  gm.  of  potassic  bicar])onato 
to  the  liter  was  made,  and  the  stock  solution  kept  in  the  dark. 

From  a  large  number  of  experiments,  they  also  deduced  the 
simi)le  law  of  the  ratio  between  any  given  j)orcentage  of  SO- 
in  aqueous  solution  at  15*4"  and  760  m.m.,  ami  its  specific  gravity  ;: 
namely,  the  percenttige  found  by  titration  multiplied  by  0*005' 
and  added  to  unity  gives  the  s]).  gr. 

In  cases  where  the  iodine  method  may  not  be  suitable,  "NV.  B. 
Oiles  recommends  the  use  of  a  standard  ammoniacal  silver  nitrate^ 
This  ]>rocess  is  applicable  alike  to  SO'-,  sulj^hites  and  bisulphites. 
The  silver  solution  may  conveniently  be  of  -^j^  strength,  but  before 
use  ammonia  is  added  in  sufficient  quantity,  first  to  produce 
a  precipitate  of  silver  oxide,  then  to  dissolve  it  to  a  clear  solution. 
A  known  excess  of  this  sohition  is  digested  in  a  closed  bottle,, 
with  the  substance,  in  a  water-bath  for  some  hours,  the  result  of" 
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Avhich  is  tho  reduction  of  the  silver  as  a  bright  mirror  on  the 
sides  of  the  vessel.  Tlie  iiltcred  li(iuid  ami  Wiishings  may  then 
be  titmted  by  thiocyanate  for  the  excess  of  silver,  or  the  mirror 
together  with  any  collected  on  the  filter  after  washing  and  Inirning 
to  jish  may  be  dissolved  in  nitric  acid  and  estimated  by  the  same 
process  (S  43).      1  c.c.  ^^  silvor==0-0032  gm.  of  SO-. 

'Example:  0*1974  ^mi.  of  chomically  pure  potassium  meta.<ulp1ut«  was 
wei;;hod  out  and  treated  as  above  described,  the  mirror  of  silver  and  a  little 
on  the  filter  estimated  ^vo  0*1918  ^m.  of  metallic  silver,  which  multiplied 
by  the  factor  1*028  ^ives  0*19717  of  metasulphit^  or  99*9  7,. 

Tliis  method  is  very  useful  in  determining  the  ^wrcentage  of  tho 
S(  )■-  in  liquefied  sulphurous  acid,  which  is  now  found  in  large 
quantities  in  commerce,  liy  cooling  down  this  subsUuice  to 
a  point  where  it  has  no  tension,  small  bulbs  can  Ix*  filled  with 
facility  and  s("aled  Tip.  After  weighing  they  are  introduced  into 
a  /r^//-stopiKired  bottle  containing  an  excess  of  the  ammoniacal 
silver,  and  the  sto])per  firmly  secured  by  a  clamp.  V>y  shaking  the 
Ixjttle  vigorously  the  bulb  is  broken,  and  the  estimation  is  then 
conductt^d  as  above  described. 

Ag-*(  )N-^(  )•»  +  S(  Y^  4-  xXll-'  =  Ag2  4-  SO'^  +  N-0-'  +  xN  \V\ 


6.     Estimation   of    Mixtures    of   Alkaline   Sulphides,    Sulphites, 

Thiosulphates,  and  Sulphates. 

No  method  Tip  to  the  jiresent  has  apparently  l>een  sucr^essfully 
devised  for  the  estimation  of  the  above-mentioned  substiinces 
when  existing  together  in  any  given  solution.  Richardson  and 
Aykroyd  (J,  S,  C,  1.  xv.  171)  have,  however,  now  published 
a  method  which  seems  to  give  fairly  accurate  results. 

The  estimation  of  the  JSU**  in  such  a  mixture  cannot  be  done 
volumetrically,  but  by  the  addition  of  about  5  gm.  of  tartaric  acid  to 
such  a  quantity  of  solution  of  mixed  thiosulphate,  sulphate,  and 
sulphite  as  would  bo  usually  taken  for  analysis,  the  SO*'  may 
readily  be  ]>recipitated  with  baric  chloride  in  the  cold.  Tho 
precipitate  of  BaSO*  contains  some  baric  sulphite,  but  this  is 
easily  removed  by  hot  dilute  HCl  and  boiling  water.  The 
thiosul])hat(;  produ(!es  no  S(.)'*  whattn^er  under  these  circumstances, 
whereius  in  the  presence  of  a  minend  acid  sulphate  is  always 
pro<luced. 

The  suli»hides  are  estimated  by  standard  ammoniacal  zinc 
solution,  which  may  cimveniently  bo  of  such  strength  that 
1  c.c.  =  0*0016  of  S,  using  nickel  sulphate  solution  as  an  external 
indicator. 

The  zinc  solution  is  easily  made  from  pure  metallic  zinc 
dissolved  in  HCl,  and  the  precipitate  which  is  formed  by  adding 
ammonia,  is  brought  into  clear  solution  by  a  moilerate  excess  of 
the  same  re-agent. 

Y  2 
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This  zinc  solution  is  also  used  for  removing  sulphides  from 
a  mixture  of  these  with  thiosulphates,  sulphites,  and  sulphates 
prior  to  the  estimation  of  the  latter  bodies.  In  this  case  it  is 
only  necessary  to  add  a  slight  excess  of  the  zinc  solution,  and 
filter  off  the  ])recipitatcd  sulphide. 

The  authoi's  of  this  method  after  pointing  out  the  value  of 
Giles  and  Shearer's  method  of  estimating  sulphites  by  iodine, 
described  in  this  section  (par.  5),  mention  a  method  devised  by 
themselves,  which  they  believe  enables  them  to  estimate  not  only 
sulpliites  but  free  80^,  not  only  in  a  pure  state  but  in  mixtures 
with  sulphates,  thiosulphates,  and  sulphides.  They  avail  them- 
selves of  the  well-known  reaction,  that  when  iodine  is  added  to 
a  neutral  sulphite,  neutral  sulphate  and  an  equivalent  amount  of 
hydriodic  acid  are  formed 

Xa^SO^  +  V  +  H^O  =  Xa2S0*  -f-  2111, 

and  the  acidity  of  the  solution  may  be  accurately  measured  by 
standard  alkali  and  methyl  orange. 

The  authors  proceed  to  state  that  the  best  plan  is  to  convert  all 
sulphites  to  bisulphites,  i.e.,  to  the  hydrogen  sulphite  of  the  base : 
this  is  necessary  because  a  sulphite  may  be  alkaline,  or  it  may  be 
exclusively  acid.  Sodic  bisulphite  is  quite  neutral  to  methyl 
orange,  and  by  titrating  the  solution  of  a  neutral  sulphite  with 
decinormal  sulphuric  acid,  using  methyl  orange,  we  arrive  exactly 
at  a  point  when  all  the  sulphite  is  converted  into  the  acid  sulphite. 
The  reason  for  this  is  patent  when  the  reaction  which  takes  place 
w^hen  an  acid  sulphite  acts  upon  iodine  is  considered — 

Xall.SO^  4-  ()H2  -h  12  =  NalLSO*  +  2HI. 

Here  is  a  new  factor,  inasmuch  as  the  titration  with  alkali  and 
with  methyl  orange  as  indicator  is  concerned ;  although  the  acid 
sulphite  of  soda  is  neutral  to  methyl  orange,  the  acid  sulphate  of 
soda  is  acid  to  the  full  and  exact  extent  of  its  combining  ix)wer.  • 
Thus  one  molecule  of  sodic  bisulphite,  on  titration  with  y^  iodine, 
liberates  acid  equivalent  to  three  molecules  of  sodic  or  potassic 
hydrate. 

A  solution  containing  1G2  per  cent,  of  Na-S0^.7Aq  was  titrated.  Iodine 
solution  equivalent  to  9*6  c.c.  ^  I ;  20'9  c.c.  were  required ;  the  mixture 
required  US  c.c.  of  ^^  NaHO.  Now  95  c.c.  VV  I  »"<!  14*6  c.c.  y'V  NaHO 
are  in  the  ratio  of  2  :  3  almost  exactly;  by  usin^  0*0 126  as  the  factor  for 
the  c.c.  of  ^\  I  and  0084  for  the  ^  NaHO* both  results  >five  164 per  cent, 
of  Na*S0^.7Aq.  (Of  course  the  sulphite  solution  had  been  previously 
titrated  with  i"^  IPSO*  in  the  presence  of  methyl  orange.) 

As  the  details  of  calculation  may  be  somewhat  obscure  to  those  who  have 
not  experimented  in  this  direction,  the  working  out  of  an  actual  analysis 
may  be  of  interest.  A  solution  containing  1  per  cent,  of  pure  sodic 
thiosulphate,  and  0*78  per  cent,  of  sodic  sulphite,  was  titrated  upon  20  c.c, 
of  iodine;  19'3  c  c.  were  required  to  decolorize;  to  neutralize  with  methyl 
orange  us  indicator  17*9  c.c.  of  ^jf  soda  were  required ;  therefore  lOO  c.c.  of 
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the  mixture  required  1030  c.o.  iodine  and  027  c.c.  of  1*^  soda  respectively ; 
the  c.c.  of  M)tla x  00084  jfive  0-7787  as  the  ])eroenta}?e  of  Na"S0*.7Aq,  and 
this  fljariire-T-00126  (the  factor  for  1  c.c.  iodine  in  Na«S03.7Aq)  gives  61*8  c.c. 
and  this  suhtracted  from  103*0  c.o.  of  total  iodine  required  ^ives  41 '8  c.c, 
and  this X 00248  jfive.8  1036  instead  of  1  per  cent,  of  Na^SW.OA'q. 

The  immense  advantage  of  this  metliml  is  better  seen  in  the 
case  of  a  complex  mixture,  where  one  must  remove  sulphiiles  or 
other  bodies  bv  the  addition  of  an  alkaline  solution  of  zinc  or 
other  precipitating  agent.  The  alkaline  filtrate  is  speedily  broTight 
into  a  suitable  condition  for  iodimetric  and  alkalimetric  titration 
by  the  method  proposed. 

Example:  A  solution  of  known  amounts  of  sodic  thiosnlphato  and 
sulphite  was  treated  with  10  c.c  of  a  strongly  ammoniacal  zinc-chloride 
solution,  and  the  mixture  was  titrated  with  it  until  it  j^vc  a  neutral 
reliction  with  methyl  orange;  it  was  now  made  to  1000  cc,  and  was  titrated 
upon  a  known  volume  of  /ir  iodine,  using  starch  to  find  the  end-reaction 
(which  is  otherwise  somewhat  obscured  by  the  methyl  oranj^e).  The 
disappearance  of  the  blue  colour  and  the  appearance  of  the  pinkish-purple 
of  the  acidified  methyl  oninvre  is  both  interesting  and  striking.  Titration 
with  W  NallO  was  now  easily  acro!ni)lishe<l.  The  results  were  exact  in  the 
case  of  thiosulphate,  and  very  slightly  in  excess  in  the  case  of  sulphite. 

After  the  sulphiUi  and  thiosulphate  solution  has  Ixien  titrated 
upon  a  known  volume  of  yi^  iodine,  the  sulphate  formed  is 
estimated  ]>y  barium  at  a  boiling  heat  in  the  presence  of  a  little 
dilute  HCl.  Any  sulphate  in  the  original  solution  is,  of  course, 
estimated  bv  the  tartaric  acid  methoil  and  deducted  from  the 
result.  Ammoni(^  tartrate  must  be  avoided  in  the  proces.s,  owing 
to  its  solvent  action  on  barium  sulphate. 


8XXI4PHUBIO    ACID    AND    SULPHATES. 

Monoli3rdrated  Sulphuric  Acid. 

JI28(.H=98. 

Sulphurio  Anhydride. 

S(  )=^  =  80. 

1.    Mohr's  Kethod. 

§  76.  The  indirect  process  devised  by  C.  Mohr  {Ann,  der 
Clinn,  V.  J'hann.  xc.  165)  consists  in  adding  a  known  volume  of 
Imric  solution  to  the  compound,  more  than  sufficient  to  ])recipitat(^ 
the  S(  Y\  The  excess  of  barium  is  (tonverted  into  carbonate,  and 
titrated  with  normal  acid  and  alkali. 

Normal  Baric  chloride  is  made  by  dissolving  121 '77  gm.  of 
pure  crystals  of  baric  chloride  in  the  liter ;  this  solution  likewise 
suffices  for  the  determination  of  SO^  by  the  direct  method. 

Procets :  If  the  substance  contains  a  considerable  quantity  of  free  acid, 
it  must  be  brought  near  to  neutrality  by  pure  sodic  carbonate ;  if  alkaline, 
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slightly  acidified  with  hydrochloric  acid ;  a  round  number  of  c.c.  of  baric 
solution  in  excess  is  then  added,  and  the  whole  digested  in  a  warm  place  for 
some  minutes;  the  excess  of  barium  is  precipit^ited  by  a  mixture  of 
carbonate  and  caustic  ammonia  in  slight  excess  ;  if  a  piece  of  litmus  jmper 
bo  thrown  into  the  mixture,  a  great  excess  may  readily  be  avoided.  The 
precipitate  containing  both  sulphate  and  carbonate  is  now  to  be  collected  on 
a  filter,  thoroughly  ^-ashed  with  boiling  water,  and  titrated. 

The  difference  between  tlie  number  of  c.c.  of  baric  solution 
added,  and  that  of  normal  acid  required  for  the  carbonate,  will  be 
the  measure  of  the  sulphuric  acid  present ;  each  c.c.  of  baric 
solution  is  equal  to  0*040  gm.  SO^. 

Example :  2  gm.  of  pure  and  dry  baric  nitrate,  and  1  gm.  of  pure  potassic 
sulphate  were  dissolved,  mixed,  and  precipitated  hot  with  carbonate  and 
caustic  ammonia;  the  precipitate,  after  being  thoroughly  washed,  gave 
1*002  gm.  potassic  sulphate,  instead  of  1  gm. 

For  technical  purposes  this  process  may  be  considerably  shortened 
by  the  following  modification,  which  dispenses  with  the  washing  of 
the  precipitate. 

The  solution  containing  the  sulphates  or  sulphuric  acid  is  first  rendered 
neutral ;  normal  baric  chloride  is  then  added  in  excess,  then  normal  sodic 
carbonate  in  excess  of  the  baric  chloride,  and  the  volume  of  both  solutions 
uoted  ;  the  liquid  is  then  made  up  to  200  or  300  c.c.  in  a  flask,  and  an  aliquot 
portion  filtered  off  and  titrated  with  normal  acid.  The  difference  between 
the  baric  chloride  and  sodic  carbonate  gives  the  sulphuric  acid. 

The  solution  must  of  course  contain  no  substance;  precipitable  by 
sodic  c^rl)onate  except  barium  (or  if  so,  it  must  be  previously 
removed) ;  nor  must  it  contain  any  substance  precipitable  by 
barium,  such  as  phosphoric  or  oxalic  acid,  etc. 

2.    Titration    by   Baric    Chloride   and   Potaasic    Chromate 

(Wildenstein). 

To  the  hot  solution  containing  the  SO*'  to  be  estimated  (which 
must  be  neutral,  or  if  acid,  neutralized  with  caustic  ammonia,  free 
from  carbonate),  a  standard  sohition  of  baric  chloride  is  added  in 
slight  excess,  then  a  solution  of  j)otassi(j  chromate  of  known 
strength  is  cautiously  added  to  precipitate  the  excess  of  barium. 
So  long  as  any  barium  remains  in  excjess,  the  supernatant  liquid  is 
colourless ;  when  it  is  all  precipitated  the  liquid  is  yellow,  from  the 
free  chromate;  a  few  drops  only  of  the  chromate  solution  are 
necessary  to  produce  a  distinct  colour. 

Wildenstein  uses  a  baric  solution,  of  which  1  c.c.  =  0*015 
gm.  of  SO'^  and  chromate  1  c.c.  =  0-010  gm.  of  SO^^  I  prefer 
to  use  \  solutions,  so  that  1  c.c.  of  each  is  equal  to  0*02  gm. 
of  SO'*.  If  the  chromate  solution  is  made  equal  to  the  baric 
chloride,  the  operator  has  simply  to  deduct  the  one  from  the  other, 
in  order  to  obtain  the  quantity  of  baric  solution  really  recjuii-ed  to 
precipitate  all  the  SO^. 
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Proceas :  The  Kubstauce  or  solution  containlD^  SO^  is  brought  into  a  small 
flask,  diluted  to  about  50  c.c,  aciditiod  if  necessary  with  IICI,  heated  to 
boiling,  and  precipitated  with  a  8li><rht  excess  of  standard  bsiric  chloride 
delivered  from  the  burette.  As  the  precipitate  rapidly  settles  from  a  boiling 
solution,  it  is  easy  to  avoid  any  great  excess  of  barium,  which  would  prevent 
the  liquid  from  clearin;^  so  speedily.  The  mixture  is  then  cautiously 
neutralized  with  ammonia  free  from  carbonic  a<nd  (to  bo  certain  of  this,  it  is 
well  to  aild  to  it  two  or  three  drops  of  calcic  chloride  or  acetate  solution). 

The  flask  is  then  heated  to  boiling,  and  the  chn)mute  solution  added 
in  i  c.c.  or  so.  each  time  removing  the  flask  from  the  heat  and  allowing  to 
settle,  until  the  liquid  is  of  a  light  3'ellow  colour;  the  quantity  of  chromat« 
is  then  deducted  from  the  barium  solution,  and  the  remainder  oalculated 
for  80\ 

Or  the  mixture  with  barium  in  excess  may  be  diluted  to  100  or  160  c.c. 
the  precipitate  allowed  to  settle  thoroughly,  and  26  or  50  a.c.  of  the  clear 
liquid  heiited  to  boiling,  after  neutralizing,  and  precipitated  with  chromate 
until  all  the  barium  is  carried  down  as  baric  chromate,  leaving  the  liquid  of 
a  light  yellow  colour;  the  analysis  should  be  checked  by  a  second  titration. 
The  process  has  yielded  me  very  satisfactory'  results  in  comparison  with  the 
barium  method  by  weight ;  it  is  peculiarly  adapted  for  estimating  sulphur  hi 
gas  when  burnt  in  the  Letheby  sulphur  apparatus,  details  of  which  will  be 
found  on  page  320. 

The  presence  of  alkaline  and  earthy  siiltH  is  of  no  consecjuence — 
Zn  and  Cd  do  not  interfere — Ni,  Co,  and  Cu  give  coloured 
solutions  whicih  prevent  the  yellow  chromate  l)eing  seen,  but  this 
<lif!iculty  can  Ik3  overcome  by  the  use  of  an  external  indicator  for 
the  excess  of  chromate.  This  indicator  is  an  annnoniacal  lead 
solution,  made  by  mixing  together,  at  the  tinu^  required,  one 
volume  of  j)ure  ammonia  and  four  volumes  of  lead  acetate  solution 
(1  :  20).  The  lit^uid  ha.s  an  opalescent  appearance.  To  use  the 
indicator,  a  large  drop  is  spread  upon  a  white  porcelain  ])late,  and 
one  or  two  drops  of  the  licjuid  under  titration  added ;  if  the 
reddish-yellow  colour  of  lead  chromate  is  ])roduced,  there  is  an 
<ixc(»ss  of  chromate,  which  can  be  caiitiously  reduced  by  adding 
more  barium  until  the  exact  balance  occurs. 


3.     Direct  Precipitation  with  Normal  Bario  Chloride. 

Very  go<xl  results  may  he  obtained  by  this  method  when 
<.*arefully  performed. 

Process :  The  substance  in  solution  is  to  be  acidifled  with  hydrochloric 
acid,  hejit<Ml  to  boiling,  and  the  baric  solution  allowed  to  flow  cautiously  in 
from  the  burette  until  no  further  precipitation  occur?*.  The  end  of  the 
])roccss  c^n  only  be  det<jrmined  by  Altering  a  portion  of  the  liquid,  and 
testing  with  a  drop  of  the  baric  solution.  Beale*s  filter  (shown  in  fig.  23) 
is  a  good  aid  in  this  case.  A  few  drops  of  clear  liquid  are  poured  into  a  tost 
tube  and  a  drop  of  baric  solution  added  from  the  burette ;  if  a  cloudiness 
oc(mrs,  the  contents  of  the  tubes  must  bo  emptied  back  again,  washed  out 
into  the  lifpiid,  and  more  baric  solution  added  until  all  the  SO'  is  precipitated. 
It  is  advisable  to  use  j\  solution  towards  the  end  of  the  process. 

Instead  of  the  test  tube  for  finding  whether  barium  or  sulphuric 
acid  is  in  excess,  a  plate  of  black  glass  may  be  used,  on  which  a  drop 
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of  the  clear  solution  is  jilnced  and  tested  by  cither  a  drop  of  baric 
chloride  or  sodic  sulphate, — thepc  testing  solutions  are  preferably 
kept  in  two  Rmnll  bottles  witli  elongated  stoppers.  A  atill  better 
jilan  is  to  spot  the  Hquiila  on  a  small  mirror,  as  suggested  by 
Haddock  (C  N.  xxxix.  156) ;  tJio  faintest  reaction  can  then  be 

seen,  although  the  liquid  may  be  highly  coloured. 

Wildenatein  has  arranged  another  method  for 
direct  precipitation,  especially  useful  where  a  con- 
stant series  of  estimations  have  to  be  made.  The 
a|>paratus  is  shown  in  fig.  51.  A  is  a  bottle  of 
900  or  1000  C.C.  capacity,  ivith  the  bottom  removed, 
nnd  made  of  veil-annealed  glass  so  as  to  stand 
heating ;  B  a  thistle  funnel  bent  roimd,  as  in  the 
figure,  and  this  syphon  filter  is  put  into  action  by 
o]tening  the  pinch-cock  below  the  cork.  The  mouth 
of  the  funnel  is  first  tieil  over  with  a  piece  of  fine 
cotton  cloth,  then  two  thicknesses  of  Swedish  filter 
paper,  and  again  with  a  piece  of  cotton  cloth,  the 
whole  being  securely  tied  with  waxed  thread. 
In  precipitating  SO^  by  baric'  chloride,  there  occure  a  point 
similar  to  the  so-called  neutral  point  in  silver  assay,  when  in  one 
and  the  same  solution  both  barium  and  sulphuric  acid  after  a 
minute  or  two  produce  a  cloudiness.  Owing  to  this  circumstance, 
the  barium  solution  must  not  be  reckoned  exactly  by  its  amount 
of  BaCl^,  but  by  its  working  effect ;  that  is  to  say,  the  process 
must  be  considered  ended  when  tlie  addition  of  a  drop  or  two  of 
barium  solution  gives  no  cloudiness  after  the  lapse  of  two  minutes. 

Propfii :  Tbe  solution  containing  tlie  SO'  being  prepared,  nnd  preferably 
in  HCl,  tliG  vewiet  A  in  fltW  irith  warm  distilled  H-atcr,  and  tlie  pincli-vock 
o])eu^  so  as  to  fill  tlio  filler  to  the  bend  C;.tlie  cock  is  then  opened  »ud 
.•hilt  a  few  times  bo  as  to  bring  the  water  fiirtber  down  into  the  tube,  but 
not  to  (ill  it  entirely;  the  water  is  then  emptied  out  ot  A,and  about  400  u.c. 
of  boiled  distilled  water  poured  in  togelher  with  the  SO'  solution,  then,  if 
iieceHsnry,  a  small  quantity  of  HCl  added,  and  the  baric  chloride  added  in 
moderate  quantity  from  a  burette.  After  mixing  well,  and  waiting  a  few 
minutes,  u  portion  is  drawn  off  into  a  small  beaker,  and  poured  bock  without 
louintoA;  a  small  quantity  h  then  drawu  oS  into  a  test  tube,  and  two 
drops  of  bariu  chloride  added.  So  long  as  a  precipitate  occ^ttrs.  the  liquid  i» 
returned  tu  A.  and  more  barium  added  until  a  test  is  taken  which  shows  no 
distinct  cloudiness :  the  few  drops  added  to  produce  this  elTect  are  deducted. 
If  a  distinct  excess  ha-*  been  used,  the  analysis  must  be  corrected  with 
a  solution  of  SO'  corroni>onding  in  strength  to  the  barium  solution. 

A  simpler  and  even  more  serviceable  arrangement  of  apparatus 
on  the  above  plan  may  be  made,  by  using  as  the  boiling  and 
precipitating  vessel  an  ordinary  beaker  standing  on  wire  gauze  or 
a  hot  ]ilate.  The  filter  is  made  by  taking  a  small  thistle  funnel,  tied 
over  as  described,  with  about  two  inches  of  its  tube,  over  which  is 
tightly  alipjicd  about  four  or  five  inches  of  elastic  tubing,  terminating 
with  a  short  piece  of  glass  tube  drawn  out  to  a  small  orifice  like 
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a  pipette  ;  ft  small  pinch-cock  is  placed  across  the  elastic  tube  just 
alK)ve  the  pii)ette  eml,  so  that  when  hung  over  the  edge  of  the 
beaker  with  the  funnel  below  the  surface  of  the  liquid,  the 
apimratufl  will  act  as  a  syphon.  It  may  readily  bo  tilled  with  wanu 
distilled  water  by  gentle  suction,  then  transferred  to  the  liqiiid 
under  titration.  J5v  its  means  much  smaller  and  more  concentrated 
liipiids  may  Ixi  used  for  the  analysis,  and  consecjuently  a  more 
distinct  evidence  of  the  reaction  obtained. 


8ULPHUBETTED    H7DB0OEN. 

1  c.c.  -j?5j  arseninus  solution  =  0*00255  gm.  H-8. 
1.    By  ArsaniooB  Aold  (Kohr). 

§  77.  Tins  residual  prwess  is  far  j)referable  to  the  direct  titration 
of  sulphuretted  hydrogen  by  iodine.  The  principle  is  based  on  the 
fact,  that  when  H-8  is  brought  into  contact  with  an  excess  nf 
arsenious  acid  in  hydrochloric  acid  solution,  arsenics  sul])hide  is 
foniKMl ;  1  e([.  of  iirsenious  acid  and  3  eq.  of  sulphuretted  hydrogen 
proiluce  1  e(|.  of  arsenic  suli)hide  and  3  e«i.  of  water, 

As2(  )•»  +  3H28  =  As28-^  +  311-0.  ' 

The  excess  of  arsenious  acid  used  is  found  ])y  -^j^  iodine  and  starch, 
jis  in  >i  40.  In  (jstimating  the  strength  of  sulphuretted  hydrojj[en 
water,  the  following  j)lan  may  be  pursTied. 

ProcfsJi :  A  mojusurod  quantity,  say  10  c.c.  of  ^f^  arsenious  solution,  is  j)ut 
into  a  300  c.c.  flask,  and  20  c.c.  of  milphurettcMl  hydrojjen  water  added,  well 
mixed,  and  suflicient  HCl  added  to  pro<luoe  a  distinct  acid  reaction ;  this 
ppoducos  a  precipitiite  of  arsenic  sulphide,  and  the  licpiid  itself  is  colourless. 
The  whole  is  then  diluted  to  1^00  c  c,  filtered  throu)<li  a  dry  filter  into  a  dry 
vessel,  100  v.v..  of  the  flltrato  taken  out  and  neutralized  with  sodic 
bicarlwnate,  then  titrated  with  ttf  iodine  and  starch.  The  (piantity  of 
arsenious  a^'id  so  found  is  deducted  from  the  original  10  c.c,  and  the 
remainder  nmltiplied  by  the  requisite  factor  for  IPS. 

The  estimation  of  11-8  cont4iined  in  coal  gas,  may  by  this 
mcitlnnl  ]je  made  very  a(!(rurately  by  leading  the  gas  very  slowly 
through  the  arsenious  solution,  or  still  better,  through  a  diluti; 
solution  of  caustic  alkali,  then  adding  arsenious  solution,  and 
titniting  as  before  described.  The  apparatus  devised  by  Mohr  for 
this  purpose  is  arranged  as  follows  : — 

The  gas  from  a  common  burner  is  led  hy  means  of  a  vulcanized  tube  into 
two  succetwive  small  wash-bottles,  containing  the  alkaline  solution;  from  the 
last  of  these  it  is  led  into  a  hir^  Woulf  f 's  bottle  filled  with  water.  The 
bottle  has  two  necks,  and  a  tap  at  the  bottom ;  one  of  the  necks  cx)ntains 
the  cork  through  which  the  tube  carrviuf?  the  gas  is  passed;  the  other, 
a  cork  throu>(h  which  a  good-sized  funnel  with  a  tube  reaching  to  the  bottom 
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of  the  bottle  is  passed.  When  the  gas  begins  to 'bubble  through  the  fla«k, 
the  tap  is  opened  so  as  to  allow  the  water  to  drop  rapidly ;  if  the  pressure  of 
gas  is  strong,  the  funnel  tube  acts  as  a  safety  valve,  and  allows  the  water  to 
rise  up  into  the  cup  of  the  funnel.  TVhen  a  sufficient  quantity  of  gas  has 
passed  into  the  bottle,  say  six  or  eight  pints,  the  water  which  has  issued  from 
the  tap  into  some  convenient  vessel  is  measured  into  cubic  inches  or  liters, 
and  gives  the  quantity  of  gas  which  has  displaced  it.  In  order  to  insure 
accurate  measurement,  all  parts  of  the  apparatus  must  be  tight. 

The  flasks  are  then  separated,  and  into  the  second  5  c.c.  of  arsenious 
solution  placed,  and  acidified  slightly  with  HCl.  If  any  traces  of  a 
precipitate  occur  it  is  set  aside  for  titration  with  the  contents  of  the  first 
flask,  into  which  10  c.c.  or  so  of  arsenious  solution  are  put,  acidified  as 
before,  both  mixed  together,  diluted  to  a  given  measure,  filtered,  and  a 
measured  quantity  titrated  as  before  described. 

This  method  does  not  answer  for  very  ciaide  gas  containing  large 
quantities  of  H^S  unless  the  absorbing  surface  is  largely  increased. 


2.    By  Permansranate  (Kohr). 

If  a  solution  of  H^S  is  added  to  a  dilute  solution  of  ferric 
eulphate,  the  ferric  salt  is  reduced  to  the  ferrous  state,  and  free 
sulphur  separates.  The  ferrous  salt  so  produced  may  be  measured 
accurately  by  permanganate  witliout  removing  the  separated 
sulphur.  Ferric  sulphate,  free  from  ferrous  compounds,  in 
sulphuric  acid  solution,  is  placed  in  a  stoppered  flask,  and  the 
solution  of  H-S  added  to  it  with  a  pipette ;  the  mixture  is  allowed 
to  stand  half  an  hour  or  so,  then  diluted  considerably,  and  per- 
manganate added  until  the  rose  colour  appears. 

56Fe=17  H'-\S 

or  each  c.c.  of  ^^  permanganate  represents  0*0017  gm.  of  H^S. 
The  i)rocess  is  considerably  hastened  by  placing  the  stoj)pered  flask 
containing  the  acid  ferric  liquid  into  hot  water  previous  to  the 
addition  of  H'S,  and  excluding  air  as  much  as  possible. 


3.    By  Iodine. 

Sulphuretted  hydrogen  in  mineral  waters  may  be  accurately 
estimated  by  iodine  in  the  following  manner : — 

Process :  10  c.c.  or  any  other  necessary  volume  of  j J^  iodine  solution  are 
measured  into  a  500  c.c.  flask,  and  the  water  to  be  examined  added  until  the 
colour  disappears.  5  c.c.  of  starch  indicator  are  then  added,  and  yj^r  iodine 
until  the  blue  colour  appears;  the  ftask  is  then  filled  to  the  mark  with  pure 
distilled  water.  The  respective  volumes  of  iodine  and  starch  solution, 
together  with  the  added  water,  deducted  from  the  500  c.c,  will  show  the 
volume  of  water  actually  titrated  by  the  iodine.  A  correction  should  be 
made  for  the  excess  of  iodine  necessary  to  produce  the  blue  colour. 

Fresenius  examined  the  sulphur  water  of  the  Grind brunnen, 
in  Frankfurt  a.  M.  {Z.  a.  C.  xiv.  321),  both  volu metrically  and 
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by  weight  for  H'-^S  with  very  concordant  results.  361*44  gm.  of 
water  (correction  for  blue  colour  being  allowed)  required  20*14  c.c. 
of  iodine,  20*52  c.c.  of  which  contained  0*02527  of  free*  iodine 
=  11-8  0*009194  gin.  ])er  million.  444*65  gin.  of  the  same  water 
required,  under  the  same  conditions,  25*05  c.c.  of  the  same  iodine 
i^olution  =-- ir-\S  0009244  gm.  per  million.  Jly  weight  the  ms 
was  found  to  bo  0*009377  gm.  [)er  million. 

TANNIC     ACID. 

S  78.  Thk  estimation  ,of  tannin  in  the  materials  used  for 
tiuming  is  by  no  means  of  the  most  satisfact<jry  character.  Many 
methoils  have  been  proposed,  and  given  up  as  practically  useless. 
In  the  previous  editions  of  this  book  LowenthaTs  metho<l 
4is  then  jMjrfected  was  given ;  biit  it  is  still  somewhat  deficient 
in  accuracy  or  constancy  of  results,  although  much  ingenuity  and 
intelligence  have  been  oxixjnded  on  it. 

One  difficulty  is  still  unsurmounte<l,  and  that  is,  the  preparation 
of  a  pure  tiinni<*,  aci<l  to  serve  as  standard.  The  varicms  tannins  in 
ijxisUuice  are  still  very  inqwrfectly  understood,*  but  so  far  as  the 
<'omparative  analysis  of  tanning  materials  among  themselves  is 
<*oncerne<l,  the  method  in  (piestion  is  theoretically  the  be^t. 

The  j)rin(*iple  of  th(5  method  depends  on  the  oxidation  of  the 
tannic  acid,  together  with  other  glucosides  and  easily  oxidiza])le 
substances  by  permanganate,  regulated  by  the  j)re8ence  of  soluble 
indigo-c4irmine,  which  .also  acts  as  an  indicator  to  the  end  of  the 
reaction.  The  totil  amount  of  such  substances  being  found  and 
<^xpressed  by  a  known  volume  of  ]>ermanganate,  the  actual  available 
tannin  is  then  removed  by  gelatine,  and  the  second  titnition  is 
]nade  upon  the  solution  so  obtained  in  onler  to  find  the  amount  of 
oxitlizable  matters  other  than  tannin. 

The  volume  of  [Xirmanganate  so  used,  deducted  from  the  volume 
used  (►riginally,  shows  the  amount  of  tannin  actually  available  for 
tiinning  purposes  expressed  in  terms  of  permanganate. 

It  will  \\e  at  once  seen  that  this  methcMl  is  essentially  a  practical 
one,  l)i»cause  it  is  only  the  particular  tannin  capable  of  combining 
with  organic  tissue  which  is  estimate<l.  It  has  l)een  critically 
•examined  with  approlMiticm  by  g(KKl  authorities,  among  whom  may 
l)e  mentioned,  Procter  (C,  N.  xxxvi.  59 ;  tbul,  xxxvii.  256), 
Kathreiner  (Z,  a.  C.  xviii.  112),  (T)ingler's  Polf/f.  Jour. 
<*xxvii.  481),  and  Hewitt  (Tanner* a  Jour,,  May,  1877,  93).     My 

*Von  Schroder,  whose  HUfwettions  have  been  adopted  by  the  Oermaii  AMOciation 
of  Tanuera,  selects  a  commercial  pare  tannic  acid  for  use  as  a  standard  by  dissolviufr 
2  gm.  in  a  liter  of  water.  10  o.c.  of  this  is  titrated  witii  permanganate  as  described. 
5()  c.c.  are  then  digested  twenty  hours  with  3  gm.  moistened  hide  powder.  10  c.c.  of 
the  filtrate  from  this  is  then  titrated,  and  if  the  permanKsnate  oonsumeil  smounts  to 
less  than  10  per  cent,  of  the  total  consumed  bv  the  tannin,  it  is  suitable  for  a  standard. 
1000  ports  beinff  considered  equivalent  in  reducins  power  to  1048  parts  of  tannin  pre- 
cipitable  by  hide,  acoordintr  to  Hammer 's  experiments,  therefore  Von  Schroder, 
.after  titrating  as  described,  calculates  the  dry  matter,  and  multiplies  by  the  round 
number  1  '06  to  obtain  the  value  in  actual  tannin  precipitable  by  hide. 
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own  experiments  have  shown  that  for  all  materials  containing 
tannin,  even  catechu,  it  is  the  l)est  process  yet  discovered,  but 
requires  patient  practice  to  ensure  concordant  results.  Lbwenthars. 
description  of  the  method  is  given  in  Z.  a,  C.  xvi.  33. 

The  extraction  of  the  tannic  acid  from  the  raw  material  is  l)e8t 
performed  by  l)oiling  it  in  a  large  flask  with  al)out  a  liter  of 
dLstill(?d  water  for  half  an  hour,  then  straining,  and  diluting  whenr 
cold  to  1  liter.  Portions  are  filtered  if  necessary.  Concentrated 
extrjicts  are  dissolved  before  titration  by  adding  them  to  boiling 
water,  then  cooling  and  diluting  to  the  measure.  In  tlie  case  of 
strong  materials  such  as  sumach  or  vjlonia  10  gm.,  or  oak-lmrk 
20  gm.,  are  Tised. 

The  quantity  of  these  extracts  to  be  used  for  titration  must  }y& 
regulated  to  some  extent  by  the  amount  of  pennanganate  required 
to  oxidize  the  tannic  and  gallic  acids  present.  Practice  and 
experience  will  enable  the  operator  to  judge  of  the  proper  propor- 
tions to  use  in  dealing  with  the  various  materials,  liearing  in  mind 
that  volumetric  processes  are  largely  dependent  upon  identity  of 
conditions  for  securing  concor<lant  results. 

Procter,  who  is  prol)ably  one  of  the  best  authorities  on  this, 
subject,  has  modified  to  some  extent  the  details  of  this  i)rocess 
(/.  S.  C.  I,  iii.  82,  and  ihld,  v.  79),  and  these  modifications  are 
emljodied  here. 

Standard  Solutions  and  Be-agrents. 

• 

Standanl  Potassic  permanganate. — Tsathreiner  recoramen<is 
that  this  sohition  should  contain  not  more  than  1*333  gm.  of 
the  pure  salt  i>er  liter  (l>etter  only  al)out  1  gm.) ;  therefore,  if 
the  operator  is  accustomed  to  use  the  decinormal  solution,  a  very 
convenient  strength  is  made  by  diluting  one  volume  of  it  with, 
two  of  water,  thus  obtaining  a  solution  of  /^^  strength  (  =  l*052gm. 
per  liter). 

This  standard  is  the  more  advisable  iKJcause  it  enables  the 
oi)erator  to  calculate  its  value  into  oxalic  acid,  and  so  arrive  at  the 
theoretical  standards  adopted  ])y  Neubauer  and  Oser;  namely,, 
tliat  0*0G3  giu.  of  oxalic  acid  represents  0*04157  gm.  of  gallo-tannic 
acid  (gall-nut  tannin),  or  0*062355  gm.  of  querci-tannic  acid  (oak 
Iwirk  tannin).  These  coetticients  for  calculation  are  now  largely 
mlopted,  and  are  certainly  preferable  to  standardizing  the  perman- 
ganate uj)on  any  sjiecimen  of  so-called  pure  tannin. 

30  c.c.  of  /^  permanganate  will  therefore  represent  0*063  gm. 
of  oxalic  acid  or  the  weights  of  tannin  above  mentione<l. 

^Solution  of  Indigo  Carmine. — This  should  V)e  a  clear  solution  of 
al)out  5  gm.  to  the  liter  with  about  50  c.c.  of  i)ure  H^SO'*. 

Solution  of  Gelatine. — This  solution  is  used  to  precipitate  the 
availa])le  tannin  in  any  given  solution  after  its  total  oxidizable 
matters  have  been  determined  by  the  indigo  and  permanganate.  It 
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should  1)0  made  fresh  for  each  series  of  titrations,  l>y  dissolving 
2  gm.  of  Nelson's  gelatine  in  100  c.c.  of  water  and  tiltering. 
bihite  Sulphuric  Acid. — TIO. 

Procetten  of  Tiirafiou:  The  firat  thing  to  bo  done  ih  to  ascertain  the 
relationship  between  the  permanganate  and  indigo  HoUitioiis  (it  is  amunied 
that  the  pennan^nate  is  correc^t  a»  re^^ards  its  relation  to  oxalic  acid),  and 
therefore  10  or  20  c.c.  of  the  indigo  are  nicasnred  into  a  white  i>orcelain  basin, 
and  diluted  to  )  of  a  liter  with  distilled  wat^r,  or  Kood  ordinary  water  free 
from  organic  matter  or  other  substances  capable  of  reducing  pennanganate. 
10  c.c.  of  the  dilute  acid  are  measured  in,  and  the  ])ermanganato  delivered 
in  with  a  liand-pipetto  in  drops,  with  constant  stirring,  until  the  colour  is 
just  discharged,  leavinjc  a  clear  faint  yellow  tint,  with  just  a  shade  of  pink 
at  the  rim. 

This  experiment  will  act  as  a  ^uide  to  the  final  adjustment  of  the  indi^'o 
with  an  accurate  30  c.c.  burette  in  tV»  which  should  be  of  such  dilution  that 
about  20  c.c.  correspond  to  about  16  c.c.  of  permanganate. 

Titration  of  the  Tanning  Material :  It  is  very  important,  in  onler  to 
avoid  uncertainty  in  the  end-point  of  the  reaction,  that  only  so  much 
material  shall  be  used  as  shall  consume  about  7  or  K  c.c.  of  permanganate  of 
^Ts  stren^h  above  that  point  which  is  required  for  the  indigo. 

Procter  and  Kathreiner  both  insist  \\\>on  these  )>ro|H)rt ions,  and  the 
general  method  lulopted  by  them  is  to  add  20  c.c.  of  indigo  with  10  c.c.  of 
dilute  acid  to  about  i  of  a  liter  of  water,  in  a  porcelain  dish,  followed  by  5  c.c. 
of  tannin  solution.  The  perman^nate  is  then  delivered  in  very  slowly,  with 
constunt  stirring',  until  a  faint  n)so  colour  a]>pears  round  the  edges  of  the 
liquid.    The  time  allowe<i  for  the  titration  is  also  very  importinit. 

Von  Schroder,  representing  the  Association  of  (Jennan  Tanners, 
}»refers  to  add  the  j)ennanganate  1  c.c.  at  a  time  with  vigorous 
stirring,  until  the  colour  of  the  li<piid  indicates  that  a  few  drops 
only  are  required  to  end  the  titnition.  Procter,  on  the  other 
hand,  prefers  the  rai»i<l  dro])  metho*l  for  the  commencement,  and 
until  near  the  end.  He  also  finds  that  tlie  methixl  of  stirring 
influences  the  result  in  no  very  slight  degi-ee.  Whatcn-er  plan  the 
-operator  adopts,  it  is  tulvisable  to  keej)  consistently  to  it  in  order 
that  the  results  may  he  comparatively  the  same. 

It  must  be  rememl)ered  that  neither  hy  this  nor  any  other 
methcMl  is  it  possible  to  accurately  estimate  the  tannin,  hut  only  as 
a  means  of  comparing  t^vo  samples  of  the  same  material. 

Precipitation  of  the  Tannin^  and  tttbtequent  Titration  of  SubttanceM 
other  than  Tannin. — Procter's  procedure  is  to  take  50  c.c.  of  the  tannin 
infusion  (5  c.c.  of  which  has  been  titrated),  and  add  to  it  28*6  c.c.  of  ^'clatine 
solution  in  a  flask  holding  about  150  c.c.  The  mixture  is  well  shaken,  then 
saturated  with  clean  table  salt,  and  10  c.c.  of  the  dilute  acid  added,  tojjether 
with  a  teaspoonful  of  kaolin  :  the  whole  is  vigorously  shaken,  then  Altered, 
and  made  up  to  exactly  100  c.c.  10  c.c.  of  this  liquid,  representing  5  c.c.  of 
the  tannin  decoction,  are  then  titrated  in  precisely  the  same  manner  as  before. 
The  calculation  of  percentage  is  then  made  as  follows:  Let  the  flrst  titration 
(two  of  which  should  be  made  for  security)  be  called  a  ;  the  second,  also  in 
duplicate,  b.  If  further,  c  ))e  the  quantity  of  permanganate  required  to 
oxidize  10  c.c.  of  t?  oxalic  acid,  and  10  ^n.  of  substance  have  been  employed 
for  1  liter  of  decoction,  then  c  :  {a — b)  :  ;  6'3  :  j*,  where  jc  is  the  percentage 
of  tannin  expressed  in  terms  of  oxalic  acid. 
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Hunt,  who  is  also  an  nmloubtod  authority  on  tannin  estimation^ 
diflfers  from  Procter  on  the  question  of  saturating  the  liquid  for 
final  titration  with  salt  {J,  G.  S.  I.  iv.  263),  on  the  ground  that,  in 
the  case  of  material  containing  much  gallic  acid,  some  of  it  is 
precipitated  with  the  tannin,  thus  leading  to  higher  results.  Thi» 
he  has  proved  hy  experiment,  and  therefore  prefers  to  act  a» 
follows : — 

50  c.c.  of  the  tiiunin  soUition  arc  nm  into  a  small  dry  flask,  to  this  25  c.c. 
of  the  fresh  filtered  gelatine  solution  are  added,  and  the  flask  shaken.  25  ex;, 
of  a  saturated  solution  of  salt,  containing  60  c.c.  of  strong  H'^SO*  per  liter, 
are  now  added,  and  about  a  t^aspoonful  of  kaolin  or  baric  sulphate.  The 
flask  is  thoroughly  shaken  for  a  few  minutes,  after  which  a  clear  bright 
filtrate  mav  be  obtained. 

For  materials  containing  over  45  per  cent,  tannin,  it  is  advisable 
to  take  25  c.c.  instea<l  of  50,  and  to  urn  50  c.c.  of  salt,  the  amount 
of  gelatine  solution  being  the  same.  The  same  authority  also  states 
that,  for  gambier  and  its  allies,  the  method  of  titration  as  above 
described  (h^es  not  give  accurate  results,  inasmuch  as  the  gelatine 
and  salt  do  not  remove  all  the  substances  of  tanning  value  from  tho 
liquid.  In  such  case  it  is  necessary  to  digest  the  lifpiid  for  at  least 
twelve  hours  with  pure  hide  i)owder.  Tlie  mixture  is  then  filtered 
and  titrated  in  the  usual  way. 

It  is  impossiVde  to  give  here  the  oi)inions  held  by  various 
authorities  on  this  subject,  therefore  the  reader  who  desires  fuller 
information  should  consult  the  j)apers  to  which  reference  has  been 
made. 

The  table  on  next  page  ])y  Hunt  is  a])j)ended,  as  the  result  of 
careful  w^orking,  and  as  a  guide  to  the  nature  of  various  tanning 
materials  :  — 

The  "totid  extract"  in  the  tal)le  was  <letermined  by  evaporating 
a  i)ortion  of  the  tannin  solution  to  dryness  in  a  small  porcelain 
l)asin  and  drying  the  residue  at  llO''  C.  The  "insoluble  matter'' 
was  also  dried  at  110°  C. 

The  hide  powder  process  for  tannin  not  being  a  volumetric  one 
is  not  described  here. 

Tannin  in  Tea. — The  extmc.'t  in  this  substance  is  made  upon 
10  gm.  of  the  tea,  by  boiling  it  with  repeated  quantities  of  distilled 
water,  iiltering  and  diluting  the  liquid  w-hen  cool  to  a  liter.  The 
2)ercentage  varies  from  about  12  in  black  tea  to  18  or  20  in  green. 
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Name  or  Materiai.. 


I      Total 
matters 
oxidized 

by  Pemuui- 

Sioate,  as 
xalic  Ac. 


l>©r  cent. 

English  Oak  Bark  ... 

15-70 

CunadianHemlockBark 

903 

Larch  Bark      

8-20 

Man^(rove  Bark 

31-35 

Alder  Bark       

8-27 

Blue  Gum  Bark 

1018 

Valonia      

37-41 

Myrabolaiis      

48-23 

Sumach     

42*53 

Betel  Nut 

15-01 

Turkish  Blue  Galls... 

73-88 

Aleppo  Galls     

08-85 

Wild  Galls        

26-21 

Divi-Divi 

0008 

Balsa mocarpon    (poor 

and  old  sample)    ... 
Pomejcranate  Bind  ... 

50-40 

27-5K 

Torment il  Root 

22-27 

Bhatany  Root 

22-27 

Pure  Indian  Tea     ... 

23  06 

Pure  China  Teji 

1803 

Cutch        

57-65 

Gum  Kino        

66-30 

Hemlock  Extract     ... 

3516 

Oakwood  Extract     . . . 

33-40 

Chej<tnut  Extract     ... 

30-77 

Quebracho  E.xtract ... 

48  22 

"Pure  Tannin"       ... 

135-76 

Tan  Liquor,sp.  ^.  1-030 

4-84 

Sj)ent  Tan  Liquor,  »p. 

gr.  10105      

1-40 

Gambicr,  Cube 

70-12 

„         Sarawak    ... 

63-13 

•  f                             ft^4%AV'      *  •  •              •  •  • 

5600 

Tannin,  as 
Oxalic  Ac, 
(Procter) 


per  cent. 

13-54 

7*46 

7-17 

29-71 

6-15 

8-91 

35-24 

88-43 

34-;J0 

13-87 

65-83 

87-82 

18-75 

6262 

37-76 
2V18 
20-98 
2015 
18-65 
14-21 
51  05 
50-55 
3317 
2()-90 
32  63 
44-45 
122-44 
314 


0-37 


I 


Tannin,  as 
Oxalic  Ac. 

(Hunt) 


Total 
Extract. 


Insolulile. 


I 


I)er  cent. 

11-97 

708 

615 

28-48 

5-73 

8-91 

80-50 

3800 

31-46 

13-70 

50-96 

8:V05 

16-56 

61-22 

32-88 
23-12 
20-68 
19-30 
17-40 
14-09 
44-24 
51-55 
3008 
23-86 
28-88 
40-84 
121-03 
210 

0-25 

Absorbed 

by  Dry 
Pure  Skin. 

51-07 

4709 

43-70 


per  cent. 
18-38 
13-96 
20-64 
26  60 
1936 
1176 
38-60 
42-80 
44-10 
17-94 
48-40 
6880 
31-70 
54-38 

5714 
41-00 
19  70 
18-80 
34-46 
24-50 
61-60 
70:«) 
4878 
37-78 
50-28 
4000 

6-01 

3-10 


74-40 
70-70 
63-54 


l)er  cent. 
66-15 
75-25 
60  80 
40-70 
6800 
7465 
4606 

47-77 
67-00 
36-35 
14  82 
5417 
29-lK) 

2825 
40-50 
67  05 
6600 
53-40 
62-60 
4-75 
1-00 


5-31 
3-67 
1-40 


Tannin  in  Wine,  Cider,  etc. — The  methoil  now  generally  adopted 
for  thi.s  estimation  is  that  of  treating  a  known  volume  of  the 
wine,  etc.,  with  catgut  (violin  strings  which  have  not  Ihbcii  oiled, 
and  which  have  been  i)urified  by  washing  in  dilute  alcoliol  acid 
and  water,  until  they  have  no  reducing  action  on  permanganate  in 
the  cold).  The  digestion  is  carried  on  at  ordinary  temperature  for 
a  week,  in  a  closely  stoppered  bottle.  The  original  substance,  and 
that  from  which  the  tannin  has  been  removed,  are  then  titrated 
with  permanganate,  and  the  difference  calculated  to  tannin. 

Another  method  consists  in  mixing  equal  parts  of  an  eight  per 
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cent,  solution  of  alum  and  the  wine,  collecting  the  precipitate  on 
a  filter,  washing  slightly  with  cold  water,  transferring  the  precipitate 
by  a  stream  of  water  from  a  wash-l>ottle  to  a  l)eaker^  then  acidifying 
with  H^SO"*  and  titrating  with  indigo  and  permanganate  as  usual. 

Dreaper's  Copper  Process  for  Tannio  and  Gallio  Aoids. — This 
is  described  in  a  paper  contributed  to  J,  C.  S.  L  xii.  412,  from 
which  the  following  abstract  is  taken. 

The  methods  hitherto  proposed  for  the  estimation  of  tannin  may 
be  divided  into  two  classes,  viz. : — 

(1)  Those  which  act  by  precipitating  the  tannic  acid  as  an 
insoluble  compound. 

(2)  Those  which  act  by  oxidation. 

To  the  former  class  belongs  the  well-known  hide  powder  process, 
and  to  the  latter  Lciwenthars  permanganate  method,  which  has 
been  modified  by  Procter  and  others.  These  fairly  represent  the 
two  classes,  and  are  the  only  ones  in  general  use  at  the  present 
day. 

Dreaper,  however,  has  adopted  a  modified  form  of  Darton^s 
method,  the  novelty  of  which  consists  in  [)recipitating  the  tannic 
acid  by  means  of  an  ammonio-copper  sulphate  solution,  after 
a  preliminary  treatment  with  sulphuric  acid  to  remove  the  ellagic 
acid,  and  then  a  treatment  with  ammonia,  filtering  after  each 
treatment.  Procter  states  that  this  preliminary  treatment  is 
unnecessary  in  the  case  of  some  extracts,  but  Dreaper  has  never 
found  any  precipitation  to  take  place  in  the  case  of  the  so-called 
pure  tannic  acids,  prol>ably  owing  to  the  removal  of  the  impurities 
during  the  pro(!Pi;s  of  purification.  The  original  solution  and  the 
filtrate  are  titrated  with  j)ermanganate  as  in  Lciwenthars  method, 
the  difference  in  the  two  results  l>eing  due  to  the  taimic  acid 
l)rescnt.  The  copper  compound  may  be  dried  at  110**  C.  and 
weighed,  or  else  ignited  and  weighed  as  cop])er  oxide.  Fleck 
states  that  the  tannic  acid  can  be  calculated  from  this  by  multi- 
plying by  the  factor  1  •034. 

The  standanl  copper  solution  used  by  the  author  contained 
30  gm.  of  pure  crystallized  co])per  sulphate  in  a  liter  of  water. 
Baric  carl)onate  is  also  required,  which  should  be  free  from  calcic 
salts. 

The  process  is  based  on  the  direct  precipitation  of  the  ^llic  and  tannic 
acids  by  means  of  a  copper  salt,  usinjf  as  outside  indicator  potassic  ferro- 
cyanide.  If  a  standard  solution  of  copper  sulphate  be  run  into  a  solution 
of  the  mixed  acids,  a  certain  amount  of  copper  tannate  and  gallato  ^vill  he 
precipitated,  dex>endin£r  on  the  dilution  of  the  solution  and  the  amount  of 
acid  set  free  from  the  copper  sulphate.  The  preci])itate  is,  under  these 
circumstances,  of  a  bulky  nature  and  ill  adapted  to  any  separation  by  quick 
filtration,  so  necessary  in  a  process  of  this  description.  It  was  found  that 
when  a  solution  of  copper  sulphate  was  added  to  a  solution  of  the  mixed 
acids  in  the  presence  of  baric  carbonate,  the  precipitation  i>roceed8  with  the 
utmost  rejj^ilarity.  The  carbonate  immediately  forms  iusohible  sulphate 
with  the  free  acid,  and  also  hel])s  to  consolidate  the  precipitated  copper  salts, 
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80  that  towards  tho  end  of  the  reaction  they  fall  rapidly  to  the  bottom  of 
the  vessel,  leaving  tho  supernatant  liquid  clear.  This  separation  is  a  ^ood 
indication  that  the  end  of  the  titration  is  near,  and  is  supplemented  b}'  the 
ferrocyanide  test. 

A  modified  method  of  testing  for  the  excess  of  copper  in  the  solution 
is  as  follows :  Pieces  of  stout  Swedisli  ftlter-j)aper  one  inch  square  are  folded 
across  the  middle,  and  a  drop  of  the  liquid  to  be  tested  taken  up  on  a  glass 
rod  and  K^i^tly  dropped  on  to  the  top  surface.  The  li(iuid  will  i)ercolaU» 
throuj^h  to  the  under  fold,  leaving  the  precipitate  on  tho  upper  one.  It 
is  then  only  necessary  to  unfold  the  sheet  and  apply  a  drop  of  ferrocyanide 
to  tho  under  surface.  If  the  reaction  is  complete  a  faint  pink  colouration 
will  take  place,  which  is  perhaps  more  ea-^ily  ret^ognized  by  transmitted  light. 

The  results  obtained  by  duplicate  experiments  tend  to  show  that  the  copper 
salts  are  perfectly  constant  in  composition  when  precipitateil  in  thi"*  manner, 
and  tho  results  equal  in  accuracy  any  obtained  with  other  pn)cesses. 

About  I  gm.  of  baric  carbonate  was  added  in  each  ca.«<e  and  the  solution 
heate<l  up  to  fH)^  C.  before  titration.  The  temperature  at  the  end  of  tho 
titration  should  not  be  less  than  'AO"  C. 

The  precipitation  by  copper  is  done  say  on  25  c.c.  of  the  solution  of  tho 
sample,  and  the  results  noted.  50  c.c.  of  the  same  sample  are  then  mixed 
with  the  usual  proportions  of  gelatine,  salt,  acid,  and  baric  .«iulphato ;  diluted 
to  100  c.c,  then  filtered  through  a  dry  filter  and  60  c.c.  (=25  c.c.  of  the 
original  liquid)  titrated  with  copper  solution  as  before,  the  difference  being 
calculated  to  available  tAnnin. 

The  ex])eriment'S  show  that  the  separation  of  the  tannic  acid  by  means  of 
an  acid  solution  of  gelatine  and  H:ilt  will  not  affect  the  general  results 
obtained,  and  this  method  for  want  of  a  better  was  used  in  the  experiments, 
Procter*s  modification  being  considered  the  most  accurate,  and  therefore 
adopted. 

Tlie  following  table  was  prepared  from  experiments  showing  the  error 
duo  to  the  indicator  in  c.c.  of  standard  solution  added  to  dilTerent  quantities 
of  water:  — 


c.c.  of  Water. 

c.c.  of  Standard  Solution 
required. 

20 

(va 

30 

0-4 

m 

0-7 

KM) 

1-0 

150 

1-5 

The  above  correction  should  be  made  in  all  cases. 

A  sample  of  so-called  pure  tannic  acid  gave  the  following  results : — 


Weight  taken. 


Giu. 
0-5 
0-5 
0-5 


c.c.  required. 


250 
25-2 
25-2 


Slightly  lower  results  were  obtained  when  the  operation  was  conducted  in 
the  cold,  probably  owing  to  the  slower  action  of  the  carbonate  on  the  free 
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acid ;  but  the  rate  of  ruDDing  in  of  the  solution  had  no  appreciable  effect 
on  the  quantity  required. 

A  Kimple  of  the  purest  gallic  acid  that  could  be  obtained  gave  the 
following  figures : — 


1 

Weight  taVen. 

c.c.  required. 

Gm. 
0-5 
0-5 

450 
US 

Allowing  that  the  acid  was  of  90  per  cent,  purity,  these  results  would  give 
a  value  for  each  c.c.  of  0*0111  gm.  This  figure  must  of  course  only  be 
taken  as  a])proximate.  It  will  be  seen  that  more  solution  is  required  to 
precipitate  the  gallic  than  the  tannic  acid.  This  is  also  noticed  in 
Jjdwenthars  method. 

The  chief  ailvantaj^es  claimed  by  the  author  of  this  method  over 
LowenthaPs  are  as  follows  : — 

(1)  Both  the  tannic  and  gallic  acids  are  estimated. 

(2)  Rapidity  of  estimation  where  a  simple  assay  is  sufficient. 

(3)  The  results  are  expressed  in  terms  of  the  copper  oxide 
2)recipitated. 

(4)  The  standard  solution  keeps  well,  and  there  is  no  correction 
necessary  for  indigo-carmine  solution  or  gelatine. 

(5)  Larger  quantities  of  the  solution  can  he  titrated,  thus 
reducing  the  working  error. 

It  seems  to  l)e  possil)lc  to  use  this  method  for  sul)stances  other 
than  tiinnic  or  gallic  acids,  c.(/.  Fustic. 

The  following  results  were  obtained  with  a  sample  of  pure 
Fustic  extract  51"  Tw. 

0*5  gm.  taken  required  11*5  c.c.  of  standard  solution. 

0*5  gm.  taken  required  11*6  c.<'.  of  standard  solution. 

The  end  of  the  reaction  was  sharp  when  the  titration  was 
carried  on  at  the  hoiling-poiut  and  the  precipitate  settled  well. 

Other   Methods    of  Estimating'   Tannin. 

Direct  Precipitation  by  Gtelatine. — The  difficulty  existing  with 
this  method  is  that  of  getting  the  ])recipitate  to  settle,  so  that  it 
may  be  clearly  seen  when  enough  gelatine  has  ])een  added. 

Tolcral)ly  good  results  may  sometimes  be  o])tained  by  using 
a  .strong  solution  of  sal  ammoniac  or  chrome  alum  as  an  adjunct. 
The  best  aid  is  probably  barium  sulphate,  2  or  3  gm.  of  which 
should  be  adrled  to  each  portion  of  liquid  used  for  titration. 

The  Standanl  Solution  of  Gelatine  should  contain  1*33  gm.  of 

dry    gelatine    i)er   liter,   in   which  is  also  mixed  a  few  di-ops  of 

chloroform  or  a  small  quantity  of  thymol  to  preserve  it.     45  c.c. 

=  0*05  gm.  tannin  (Carles).      This  method  is  adapted  oidy  for 

rough  technical  purposes,  as  also  the  following. 
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Direct  Precipitation  by  Antimony. — This  iiiethotl  is  still  in 
favour  with  some  oixirators ;  but,  hke  the  gelatine  process,  is  beset 
with  the  dilticulty  of  getting  the  i>recipitate  to  settle. 

The  Standard  Antimony  solution  is  made  by  dissolving  2*611 
gni.  of  crystals  of  emetic  tartar  dried  at  100^  C.  in  a  liter.  1  c.c.  = 
0*005  gm.  tannin.  This  li<[ui<l  may  also  be  kept  from  decomiK)sition 
by  a  few  grains  of  thymol.  50  c.c.  of  the  tannin  solution  may  be 
tjiken  for  titration,  to  which  is  added  1  or  2  gm.  of  sal  amuKmiac, 
and  the  antimonial  solution  run  in  until  no  further  cloudine^j  is 
protluced. 

In  both  the  above  methods  tin*  final  tests  must  either  be  made 
by  repeatedly  filtering  small  portions  to  ascertain  whether  the 
precipitation  is  complete,  or  by  bringing  drops  of  each  li(|uid 
together  on  ]>lack  glass  or  a  small  mirror. 

TIN. 

Sn=llS. 

Metidlic  iron  x  l*0536=Tin. 

Double  iron  salt         x  0*1505=  „ 

Factor  for  ^^57  iodine 

or    ])ermanganate 

solution  0-0059 

S  79.  The  method,  originally  devised  by  Streng,  for  the 
<lii*ect  estimation  of  tin  by  jwtassic  Inchromate,  or  other  oxidizing 
agents  in  acid  solution,  luis  been  found  most  unsatisfactory,  from 
th«'  fact  that  variable  quantities  of  water  or  acid  seriously  interfere 
with  the  accuracy  of  the  results.  The  cause  is  not  fully  under- 
sUkkI,  but  that  it  is  owing  partly  to  the  oxygen  mechanically 
contained  in  the  water  reacting  on  the  very  sensitive  stannous 
chloride  there  (;an  be  very  little  doubt,  as  the  variations  are 
<;onsideral)ly  lesscjned  by  the  use  of  water  rectently  boiled  and 
cool(.»d  in  clos<td  vessels.  These  difficulties  are  set  aside  by  the 
]>roccsses  of  Lenssen,  Lowenthal,  Stromeyer,  and  others,  now 
h)  be  described,  and  which  are  found  fairly  satisfactory. 

1.    Direct  Titration  by  Iodine  in  Alkaline  Solution  (Lenssen). 

^letixllic  tin  or  its  protosalt,  if  not  already  in  solution,  is 
<lissolved  in  hydrochloric  a<'id,  and  a  tolerable  quantity  of  Kochelle 
salt  added,  together  with  so<lic  bicarlx)nate  in  excess.  If 
enough  tiirtmtc  be  pn>sent,  the  solution  will  be  clear;  starch  is 
then  added,  and  the  mixture  titrated  with  ^^  iodine.  Metallic  tin 
is  best  dissolved  in  HCl  by  placing  a  i)latinum  crucible  or  cover  in 
contiict  with  it,  so  as  to  form  a  galvanic  circuit 

Lenas  {Chem,  Centr-fdaft,  li.  957)  i>oint8  out  that  the  chief 
-error  in  the  estimation  as  above  arises  from  oxygen  dissolved  in 
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the  liquid,  or  absorbed  during  the  operation.  In  order  to  obtain 
constant  results,  it  is  necessar}'  to  dissolve  the  tin  compound 
in  -HCl,  dilute  with  oxygen-free  water,  and  add  at  once  excess  of 
standard  iodine,  which  excess  is  found  by  residual  titration  with 
standard  thiosulphate. 

2.    Indirect  Titration  by  Ferric  Chloride  and  Permansranate 
(Lowenthal,  Stromeyer,  etc.). 

This  method  owes  its  value  to  the  fact,  that  when  stannous 
chloride  is  brought  into  contact  with  ferric  or  cupric  chloride,  it 
acts  as  a  reducing  agent,  in  the  most  exact  manner,  upon  these 
compounds,  stannic  chloride  being  formed,  together  >vith  a  pro- 
portionate quantity  of  ferrous  or  cuprous  salt,  as  the  case  may  be. 
If  either  of  the  latter  be  then  titrated  with  permanganate,  the 
original  quantity  of  tin  may  be  found,  the  reaction  being,  in  the 
case  of  iron, — 

SnCP  +  re2Cl«=8nCl*  +  2FeCR 

56  iron =59  tin.  If  decinormal  permanganate,  or  the  factor 
necessary  to  convert  it  to  that  strength,  be  used,  the  calculation  by 
means  of  iron  is  not  necessary. 

Process:  The  solution  of  stannoUv<(  chloride,  or  other  protosalt  of  tin  in 
HCl,  or  the  granulated  metal,  is  mixed  with  pure  ferric  chloride,  which, 
if  tolerably  couceutrated,  dissolves  metallic  tin  readily,  and  without  evolution 
of  hydrogen,  then  diluted  with  distilled  wat«r,  and  titrated  with  perman- 
ganate as  usual.  To  obtain  the  most  .exact  results,  it  is  necessary  to  make  an 
experiment  with  the  same  permanganate  upon  a  like  quantity  of  water, 
to  which  ferric  chloride  is  added;  the  quantity  required  to  produce  the 
same  rose  colour  is  deducted  from  the  total  permanganate,  and  the  remainder 
calculated  as  tin. 

Stannic  salts,  also  tin  compounds  containing  iron,  are  dissolved  in  water, 
HCl  added,  and  a  plate  of  clean  zinc  introduced  for  ten  or  twelve  hours ; 
the  tin  so  precipitated  is  carefully  collected  and  washed,  then  dissolved 
in  HCl,  and  titrated  as  above;  or  the  finely  divided  metal  may  at  once 
be  mixed  with  an  excess  of  ferric  chloride,  a  little  HCl  added,  and  when 
solution  is  complete,  titrated  with  permanganate.  4  eq.  of  iron  (  =  224) 
occurring  in  the  form  of  ferrous  chloride  represent  1  eq.  (  =  118)  of  tin. 

Tin  may  also  be  precipitated  from  slightly  acid  peroxide  solution 
as  sulphide  by  TI'^S,  the  sulphide  well  washed,  and  mixed  with 
ferric  chloride,  the  mixture  gently  warmed,  the  sulphur  filtered 
off,  and  the  filtrate  then  titrated  with  permanganate  as  above. 
4  eq.  of  iron=l  ec^.  of  tin. 

Tin  Ore. — In  the  case  of  analysis  of  cassiterite,  Arnold  (C.  iV". 
xxxvi.  238)  recommends  tliat  1  gm.  of  the  very  finely  powdered 
mineral  be  heated  to  low  redness  for  two  hours  in  a  porcelain  boat 
in  a  glass  tube  with  a  brisk  current  of  dry  and  pure  hydrogen  gas, 
bv  which  means  the  metal  is  reduced  to  the  metallic  state.  It  is 
then  dissolved  in  acid  ferric  chloride,  and  titrated  with  perman- 
ganate or  bichromate  in  the  usual  way. 
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UBANIUM. 

Vr  =  240. 

§  80.  The  estimation  of  uranium  may  be  conducted  with  great 
a<!curacy  by  permanganate,  in  precisely  the  same  way  as  ferrous 
salts  (Si  63).  The  metal  must  \te  in  solution  either  as  acetate, 
sulphate,  or  chloride,  but  not  nitrate.  In  the  latter  case  it  is 
necessary  to  evaporate  to  dryness  with  excess  of  sulphuric  or 
liydrochloric  aci<l,  or  to  precipitate  with  alkali,  wash  and  redissolve 
in  acetic  acid. 

The  reduction  to  the  uranous  state  is  made  with  zinc,  Imt  as  the 
end  of  reduction  cannot,  like  iron,  be  known  by  the  colour,  it  is 
necessjiry  to  continue  the  action  for  a  certain  time ;  in  the  case  of 
small  quantities  a  quarter,  larger  half  an  hour,  at  a  temperature  of 
50**  to  60"  C,  ami  in  the  presence  of  excess  of  sulphuric  acid; 
all  the  zinc  must  be  dissolved  before  titration.  The  solution  is 
then  freely  diluted  with  boiled  water,  sulphuric  acid  added  if 
necessary,  and  then  permanganate  until  the  rose  colour  is  faintly 
permanent.  The  ending  is  distinct  if  the  solution  be  well  diluted, 
and  the  reaction  is  precisely  the  same  as  in  the  case  of  ferrous 
salts ;  namely,  2  eq.  of  uranium  existing  in  the  uranous  state 
recpiire  1  eq.  of  oxygen  to  convert  them  to  the  uranic  state ;  hence 
56  Fe  =  1 20  IJr,  consecpiently  the  strength  of  any  i)ermanganate 
solution  in  relation  to  iron  being  known,  it  is  ejisy  to  find  the 
amount  of  uranium. 

VANADIUM. 
V=51-2. 

S  81.  Vanadium  salts,  or  the  oxides  of  this  element,  may  bo 
very  satisfactorily  titrated  by  reduction  with  a  standard  ferrous 
solution ;  thus — 

2FeO  +  VO''  =  Vi^y^  +  V(  )\ 

1  gm.  of  Fe  re)>resents  1*630357  gm.  of  vanadic  pentoxide. 

Lindemann  (Z.  a.  C.  xviii.  99)  recommends  the  use  of  a 
solution  of  f(*rrous  ammonio-sulphate  (double  iron  salt)  standardized 
by  1^^  pota.ssic  bichromate. 

Of  coui'se  it  is  necessary  that  the  vanadium  compound  should  be 
in  the  highest  sUxUi  of  oxidation,  preferably  in  pure  sulphuric  acid 
solution.  The  blue  colour  of  the  tetroxide  in  the  dilute  licpiid  has 
no  misleading  effect  in  t<!8ting  with  ferridcyanide. 

With  hydrochloric  acid  great  care  must  Ixj  taken  to  insure 
absence  of  free  CI  or  other  impurities.  The  end-point  in  the  c«se 
i){  this  acid  is  ditt'erent  from  that  with  sulphuric  acid,  owing  to  the 
<olour  of  the  ferric  chloride,  the  mixture  becoming  clear  green. 

The  accumcy  of  the  reaction  is  not  interfered  with  by  ferric  or 
chromic  salts,  alumina,  fixed  alkalies,  or  salts  of  ammonia. 
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Vanadic  solutions  being  exceedingly  sensitive  to  the  action  of 
reducing  agents,  great  care  must  be  exercised  to  exclude  dust 
or  other  carbonaceous  matters,  alcohol,  et<:. 


ZINC. 

Zn  =  65. 

1  c.c.  jg^  solution =0*00325  gm.  Zinc. 
Metallic  iron         x  0*5809     =   Zinc. 

„  X  0*724       =   Zinc  oxide. 

Double  iron  salt   x  0*08298  =   Zinc. 
„  „  X  0*1034     =   Zinc  oxide. 

1.    Indirect  Method   (Mann). 

§  82.  This  process  gives  exceedingly  good  results,  and  consists 
in  precipitating  the  zinc  as  hydrated  sulphide,  decomposing  the 
sulphide  with  moist  silver  chloride,  then  estimating  the  zinc 
chloride  so  formed  with  ammonic  thiocyanate  as  in  Vol  hard's 
method  (§  43). 

The  requisite  materials  are — 

Silver  chloride. — Well  washed  and  preserved  from  the  light 
under  water. 

Standard  Silver  nitrate. — 33*18  gm.  of  jmre  silver,  dissolved  in 
nitric  acid  and  made  up  to  1  liter,  or  52*3  gm.  silver  nitrate  per 
liter.  If  made  direct  from  silver,  the  solution  must  be  well  boiled 
to  dissipate  nitrous  acid.     1  c.c.  ==  0*01  gm.  of  zinc. 

Ammonic  thiocyanate. — Of  such  strength  that  exactly  3  c.c. 
sulhce  to  ])recipit4ite  1  c.c.  of  the  silver  solution. 

Ferric  Indicator  and  Pure  Nitric  Acid  (see  §  43.3  and  4). 

Process:  05  to  1  }^m.  of  the  /awv.  ore  is  dissolved  in  nitric  acid.  Heavy 
metiils  are  removed  by  H-S,  iron  and  alumina  by  double  precipitation 
with  ammonia.  The  united  filtrates  are  acidified  with  acetic  acid,  and  H-S 
passed  into  the  liquid  until  all  zinc  is  preciipitated  as  sulphide.  Exress  of 
H-S  IS  removed  by  rapid  boiling,  so  that  a  drop  or  two  of  the  filtered  liquid 
jfives  no  further  stain  on  lead  i)aper.  The  precipitate  is  then  allowed  to  settle, 
decjinted  while  hot,  the  precipitate  brought  on  a  filter  with  a  little  hot  water, 
and  without  further  washing,  the  filter  with  its  contents  is  transferred  to 
a  small  beaker,  30 — 50  c.c.  of  hot  water  added,  well  stirred,  and  so  nuich 
moist  silver  chloride  added  as  is  judged  necessary  to  decompose  the  sul])hide, 
leaving  an  excess  of  silver.  The  mixture  is  now  lx)iled  till  it  shows  signs  of 
settling  clear ;  5  or  6  drops  of  dilute  sulphuric  acid  (1  :  5)  are  added  to  the 
hot  mixture,  and  in  a  few  minutes  the  whole  of  the  zinc  sulphide  will  bo 
converted  into  zinc  chloride.  The  free  sulphur  and  excess  of  silver  chloride 
are  now  filtered  off,  washed,  and  the  chloride  in  the  mixed  filtrate  and 
washings  estimated  as  follows  :-t- 

To  the  cool  liquid,  measuring  200  or  300  c.c,  are  added  5  c.c.  of  ferric 
indicator,  and  so  much  pure  nitric  a<'id  as  is  necessjir>'  to  remove  the  yellow 
colour  of  the  iron.    A  measured  excess  of  the  standanl  silver  solution  is  then 
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delivered  in  with  the  ]>ii»ette,  and  withont  filtering  off  the  silver  chloride,  or 
much  agitation,  ho  ns  to  clot  the  precipitate,  the  thiocyanate  is  cautiously 
a^ldcd,  with  a  K<^ntle  movement  after  each  addition,  until  a  permanent  li^ht 
brown  colour  appearn. 

The  volumo  of  silver  solution  represented  by  the  thiocyanate 
being  deducted  from  that  originally  used,  will  give  the  volume  to 
be  calculated  to  zinc,  each  c.c.  being  equal  to  0*01  gm.  Zn. 

2.    Precipitation  as  Sulphide  and  subsequent  titration  with  Ferric 

Salts  and  Permanaranate  (Schwarz). 

The  principle  of  this  method  is  })ased  on  the  fact,  that  when  zinc 
sulphide  is  mixed  with  ferric  chloride  and  hydrochloric  acid,  or 
better  still,  with  ferric  sulphate  and  sulphuric  acid,  ferrous  or  zinc 
chloride,  or  sulphates  respectively,  and  free  sulphur  are  produced. 
If  the;  ferrous  salt  so  produced  is  estimated  with  permanganate  or 
bichromate,  the  pr(:^portional  quantity  of  zinc  present  is  ascertained, 
2  e<[.  Fe  represent  1  eq.  Zn. 

Preparation  of  the  Ammoniacal  Zinc  Solution. — In  the  cntte  of  rich 
ores  1  gm.,  and  poorer  (|ualities  2  gm.,  of  the  finely  powdered  mat<»rial  are 
placed  into  a  small  wide-mouthed  fla^k,  and  treated  with  HCl,  to  which 
a  little  nitric  acid  is  added,  the  mixture  is  warme<l  to  promote  solution,  and 
when  this  has  occurred  the  excess  of  acid  is  evapomted  b}'  continued  heat. 
If  lead  is  present,  a  few  dn»ps  of  concentrated  sulphuric  acid  are  added 
previous  to  complete  dryness,  in  order  to  render  the  lead  insoluble ;  the 
residue  is  then  extracted  with  wat-er  and  filtered.  Should  metals  of  the  fifth 
or  sixth  group  he  present,  they  must  ho  removed  by  H-S  previous  to  the 
following  treatment.  Tlie  solution  will  contain  iron,  and  in  some  cases 
manganese.  If  the  iron  is  not  already  fully  oxidized,  the  solution  must  be 
boiled  with  nitric  acid  ;  if  only  traces  of  mangjuiese  are  present,  a  few  drops 
of  bromized  HCl  should  be  added.  When  cold,  the  solution  may  Ixj  further 
diluted  if  necessary,  and  then  su|)er-saturated  with  ammonia  to  precipitate 
the  iron ;  if  the  proportion  of  this  metal  is  small,  it  will  sufiice  to  filter  off 
and  wash  the  oxide  with  ammoniacal  warm  water,  till  the  washings  give  no 
precipitiite  of  zinc  on  adding  ammonic  sulphide.  Owing  to  the  fact  that 
this  iron  precipitate  tenaciously  holds  about  a  fifth  of  its  weight  of  zinc,  it 
will  be  necessjiry  when  the  proportion  is  large  to  redissolve  the  partly  washed 
precipitate  in  IlCl,and  repreci])itate  (best  as  basic  acetate)  ;  the  filtrate  from 
this  second  precipitate  is  added  to  the  original  zinc  filtrate,  and  the  A'hole 
made  up  to  a  liter. 

Process :  The  ammoniacal  zinc  solution  (prepared  as  descrilxjd  above)  is 
heated,  and  the  zinc  precipitated  in  a  tall  beaker,  with  a  slight  excess  of 
sodic  or  ammonic  sulphide,  then  covered  closely  with  a  glass  plate,  and  set 
aside  in  a  warm  place  for  a  few  hours.  The  clear  liquid  is  removed  by 
a  syphon,  and  hot  water  containing  some  ammonia  agjiin  poured  over  the 
pre<:ipitato,  allowed  to  settle,  and  again  removed,  and  the  washing  by 
decantation  repeated  three  or  four  times ;  finally,  the  precipitate  is  brought 
upon  a  tolerably  large  and  porous  filter,  and  well  washed  with  warm  water 
containing  ammonia,  till  the  washings  no  longer  discolour  an  alkaline  lead 
solution.     The  filter  pump  may  be  used  here  with  great  advantage. 

The  filter  with  its  contents  is  then  pushed  through  the  funnel  into  a  large 
flask  containing  a  sufficient  quantity  of  ferric  sulphate  mixed  with  sulphuric 
acid,  innne<liately  well  stopped  or  corked,  gently  shaken,  and  put  into  a  warm 
place ;  after  some  time  it  should  be  again  well  shaken,  and  set  aside  quietly 
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for  about  ten  minutes.  After  the  action  is  all  over  the  mixture  should 
possess  a  yellow  colour  from  the  presence  of  undeconi posed  ferric  salt ;  when 
the  cork  or  stopper  is  lifted  there  should  be  no  odour  of  H-S.  The  flask  is 
then  nearly  filled  with  cold  distilled  water,  if  necessary  some  dilute 
sulphuric  acid  added,  and  the  contents  of  the  flask  titrated  with  permanganate 
or  bichromate  as  usual. 

The  free  sulphur  and  filter  will  have  no  reducing  effect 
upon  the  permanganate  if  the  solution  Ixi  cool  and  very  dilute. 

3.    Precipitation  by  Standard  Sodlc  Sulphide,  with  Alkaline  Lead 
Solution  as  Indicator  (applicable  to  most  Zinc  Ores  and  Products). 

The  Animoniacal  Solution  of  Zinc  is  prepared  just  as  previously 
described  in  Schwarz's  method. 

Standaiil  8odic  sulphide. — A  portion  of  caustic  soda  solution  is 
saturated  "vvith  H*-S,  sufficient  soda  added  to  remove  the  odour  of 
the  free  gais,  and  the  whole  diluted  to  a  convenient  strength  for 
titrating. 

Standard  Zinc  Solution. — 44*12  gm.  of  pure  zinc  sulphate  are 
dissolved  to  the  liter.  1  c.c.  will  then  contain  0*01  gm.  of 
metallic  zinc,  and  upon  this  solution,  or  one  prepared  from  pure 
metallic  zinc  of  the  same  strength,  the  sulphide  solution  must  be 
titrated. 

Alkaline  Lead  Indicator. — Is  made  by  heating  together  lead 
acetate,  tartjiric  acid,  and  caustic  soda  solution  in  excess,  until 
a  clear  solution  is  proiluced.  It  is  i)referable  to  mix  the  tartaric 
acid  and  soda  solution  first,  so  as  to  j)roduce  sodic  tartrate ;  or  if 
the  latter  salt  is  at  hand,  it  may  l^e  used  instead  of  tartaric  acid. 
Some  operators  use  sodic  nitroprusside  instead  of  lead, 

Procext :  50  c.c.  of  zinc  solution  (=0'5  gm.  Zu)  are  put  into  a  beaker, 
a  mixture  of  solutions  of  ammonia  and  amnionic  carbonate  (3  of  the  former 
to  about  1  of  the  latter)  added  in  sufficient  quantity  to  redissolve  the 
precipitate  which  first  forms.  A  few  drops  of  the  lead  8olution  are  then,  by 
means  of  a  glass  rod,  placed  at  some  distance  from  each  other,  on  filtering 
paper,  laid  upon  a  slab  or  plate. 

The  solution  of  sodic  sulphide  contained  in  an  ordinary  Molir'  s  burette 
is  then  suffered  to  flow  into  the  zinc  solution  until,  on  bringing  a  drop  from 
the  mixture  and  placing  it  upon  the  filtering  paper,  so  that  it  may  expand 
and  run  into  the  drop  of  lead  solution,  a  black  line  occurs  at  the  point  of 
contact ;  the  reaction  is  very  delicate.  At  first  it  will  be  difficult,  probably, 
to  hit  the  exact  point,  but  a  second  trial  with  25  or  50  c  c.  of  zinc  solution 
will  enable  the  operator  to  be  certain  of  the  correspondiuj^  strength  of  the 
sulphide  solution.  As  this  latter  is  alivaj's  undergoing  a  slight  change,  it  is 
necessar}'  to  titrate  occasionally. 

Direct  titration  with  pure  zinc  solution  gave  996  and  100'2,  instead  of  100. 

GroU  recommends  the  use  of  nickel  protochloride  as  indicator, 
instead  of  sodic  nitroprusside  or  lead.  The  drops  are  allowed  to 
How  together  on  a  porcelain  plate ;  while  the  point  of  contact  shows 
a  blue  or  green  colour  the  zinc  is  not  all  precipitated  by  tlie  sodic 
sulphide,  therefore  the  latter  must  Ikj  added  until  a  greyish  black 
colour  appears  at  contact. 
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4.    Precipitation  as  Sulphide  with  Ferric  Indicator  (8oha ff  ner) . 

Schaf flier's  modification  of  this  process,  and  which  is  used 
constantly  at  the  lalx)ratory  of  the  Vieille  Montaj^ne  and  the 
Khenish  Zinc  Works,  is  conchicted  as  follows : — For  ores  containing 
over  35  i>er  cent,  zinc,  0*5  gin.  is  taken ;  for  poorer  ones,  1  gin.  to 
2  gni.  Silicates,  carl)onate5,  or  oxides,  are  treated  with  hydro- 
chloric acid,  adding  a  small  ))roportion  of  nitric  acid  at  l)oiling  heat 
to  peroxidize  the  iron.  Sulphur  ores  are  treated  with  mjiui  rerjia, 
evaporated  to  dryness,  and  the  zinc  after wanls  extractcnl  hy  hydro- 
chloric acid ;  the  final  ammoniacal  solution  is  then  prejmred  as 
descril)ed  on  page  343. 

Process:  The  titration  is  made  with  a  Holution  of  godic  nulpliide,  1  c.c.  of 
which  should  equal  about  O'Ol  gni.  Zn.  The  Vieille  Moiita^ne  laboratory 
uses  ferric  chloride  as  an  indicator,  according  to  Schaffner's  method. 
For  thit*  purpose  a  ningle  drop  or  iftome  few  dro})*}  of  this  chloride  are  let  fall 
into  the  ammoniacal  iK>Iution  of  zinc.  The  iron  which  haH  been  added  is  at 
once  converted  into  red  flakes  of  hydrated  ferric  oxide,  which  float  at  the 
bottom  of  the  flask.  If  sodic  nulphido  be  dropped  from  a  burette  into  the 
M>lution  of  zinc,  a  white  precipitate  of  zinc  sulphide  is  at  once  thrown  down, 
and  the  change  in  the  colour  of  the  flakoH  of  iron  from  rod  to  black  shows 
the  moment  when  all  the  zinc  is  sulphuretted,  and  the  titration  is  ended.  It 
is  advisable  to  keep  the  solution  for  titration  at  from  40  to  &)'*  C.  Titration 
carried  out  under  exactly  etjual  conditions,  with  a  known  and  carefully 
weighed  proportion  of  zinc,  gives  comparative  data  for  calculation,  and  thiL^ 
for  the  detennination  of  the  cootenUt  of  any  zinc  soUition  by  means  of 
a  simple  cijuation.  If,  for  example,  3045  r.c.  of  sodic  sulphide  have  been 
used  to  pnxripitate  0*25  gm.  of  zinc,  1  c.c.  of  it  will  precipitate  8*21  m.gm. 
of  zinc  (30-45  :  0*25  =  1  :  ar,  and  therefore  ar=00O821). 

The  following  method  is  adopted  in  the  lalwratory  of  a  well- 
known  copper  works  in  Wales  : — 

Reduce  the  sample  to  fine  powder,  and  dry  at  a  temi>erature  of  about 
105"  C.  Dissolve  0*5  gm.  of  the  sample  thus  prepared  in  aqua  regia, 
evaporate  nearly  to  dryness,  take  up  with  hot  water,  add  20  c.c.  of 
ammonia  and  10  c.c.  of  a  solution  of  amnionic  carbonate  (1  to  10),  then 
a  few  drops  of  solution  of  permanganate  to  precipitate  lead  and  manganese. 
Now  heat  nearly  to  boiling-i)oint  and  filter  into  a  larger  flask,  wash  the 
precipitate  well  with  hot  water  containing  ammonia  until  a  drop  of  the 
washmgs  shows  no  reaction  with  sodic  sulphide.  The  volume  of  the  filtrate  . 
and  washings  should  be  about  250  c.c,  and  the  temperature  about  50"  C.  Now 
titrate  with  a  standard  solution  of  sodic  sulphide.  The  most  convenient 
strength  is  70  c.c.  =  0*5  gm.  of  pure  zinc,  heat  the  sample  liquid  almost  to 
1x)i ling-point,  and  add  not  quite  enough  sulphide  solution  to  precipitate  the 
whole  of  the  zinc.  Now  take  a  drop  of  a  dilute  solution  of  ferric  chloride, 
and  let  it  fall  into  a  small  beaker  containing  a  few  drops  of  dilute  ammonia, 
wash  the  whole  contents  of  the  beaker  into  the  assay,  and  continue  titrating 
slowly  and  cautiously,  at  la'»t  adding  the  sulphide  solution  by  O'l  c.c.  at 
a  time,  while  continually  agitating  the  flask  until  the  ferric  oxide  at  the 
bottom  of  the  flask  begins  to  turn  black,  when  the  assay  is  finished. 

The  number  of  c.c.  of  sulphide  solution  used  is  noted.  In  onler  to 
determine  the  strength  of  the  sulphide  solution,  weigh  05  gm.  pure  zinc, 
])lace  this  in  a  flask,  dissolve  in  10  c.c.  of  HCl,  and  add  some  hot  water,  20 
c.(!.  of  ammonia,  and  10  c.c.  of  ammonic  carbonate  as  above,  and  fill  up  with 
hot  water  to  about  250  c.c.      Then   titrate  with    the  sulphide  solution 
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as  described.  From  the  number  of  c.c.  u^ed  for  the  0*5  gm.  pure  zinc 
(standard) ,  and  the  number  used  for  the  sample,  the  zinc  contents  of  the 
latter  can  be  easily  calculated. 

The  copper  present  in  blendes  and  calamines  does  not  usually  exceed  0*5 
per  cent.  It  may  be  estimated  colorimetrically^  and  the  amount  deducted 
from  the  totjil  produced. 

If  any  considerable  amount  of  copper  or  other  impurities  be  present^ 
they  must  bo  separated  by  the  ordinary  well-known  methods.  In  order  to- 
obtain  greater  accuracy  a  correction  is  made  by  measuring  the  volume  of 
the  liquid  after  the  assay  is  finished,  and  deducting  0*6  c.c.  from  th& 
sulphide  solution  used  for  every  100  c.c.  of  the  volume  of  the  assay :  this 
correction  is  equally  applied  to  the  standard.  Experiments  have  shown  that 
oxide  of  iron  prepared  as  described  above  placed  in  100  c.c.  of  distilled 
water  containing  ammonia,  requires  0*6  c.c.  of  a  sulphide  solution  of  the 
above  strensrth  to  turn  distinctly  black. 

The  essential  point  in  this  volumetric  process  practised  at  the 
Vieille  Montagne  is  the  perfect  uniformity  of  working  adopted  in 
the  assays  with  reference  to  the  volume  of  the  solutions  and 
reagents  used  and  the  colour  of  the  indicator.  In  titrating, 
the  same  quantities  of  ferric  chloride,  hydrochloric  acid  and 
ammonia  are  steadily  used.  Work  is  done  alwa3\s  at  one  tern- 
perature  and  in  the  same  time,  particularly  at  the  end  of  the 
operation,  when  the  iron  begins  to  take  on  that  characteristic 
colour  which  the  flakes  take  at  the  edges — points  which  should 
not  be  overlooked.  As  a  further  precaution,  the  titrating 
apparatus  is  provided  in  duplicate,  two  assays  being  always  made. 
It  permits  the  execution  of  several  titrations  without  the  necessity 
of  a  too  frequent  renewal  of  sodic  sulphide,  which  is  stored  in 
a  yellow  flask  of  large  capacity  supplying  two  Mohr^s  burettes, 
under  which  the  beakei*s  can  be  placed  and  warmed.  A  mirror 
shows  by  reflection  the  iron  flakes  which  settle  down  after  shaking 
the  liquid. 

Too  much  stress  cannot  be  laid  upon  the  necessity  of  standard- 
izing  the  sodic  sulphide  under  the  siime  conditions  as  to  volume  of 
fluid,  proi)ortions  of  NH*^  and  HCl,  and  colour  of  the  indicator,  as^ 
will  actually  occur  in  the  analysis. 

6.    Estixnation  as  Ferrocsranide. 

In  Acetic  Acid  Solution  (Galetti). — When  ores  containing  zinc 
and  iron  are  dissolved  in  acid,  and  the  iron  precipitated  with 
ammonia,  the  ferric  oxide  invariably  carries  down  with  it 
a  portion  of  zinc,  and  it  is  only  by  repeated  precipitation  that  the 
complete  separation  can  be  made.  In  this  process  the  zinc  is^ 
converted  into  soluble  acetate,  and  titrated  by  a  standard  solution 
of  i)otassic  ferrocyanide  in  the  presence  of  insoluble  ferric  acetate. 

The  Standard  Solution  of  Potassic  ferrocyanide,  as  used  bj^ 
Galetti,  contains  41*250  gm.  per  liter.  1  c.c.  =  0*01  gm.  Zn,  but 
its  actual  working  power  must  be  fixed  by  experiment. 

Standard  Zinc  Solution,  10  gm.  of  pure  metallic  zinc  per  liter 
dissolved  in  hydrochloric  acid. 
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The  process  is  available  in  the  presence  of  moderate  quantities  of 
iron  and  lead,  but  copjier,  manganese,  nickel,  and  cobalt  must  be 
absent. 

The  adjustment  of  tlie  ferrocyanide  solution  (which  should  be 
freshly  ])repared  at  short  intervals)  must  be  made  in  precisely  the 
same  way,  and  with  the  same  volume  of  liquid  as  the  actual 
analysis  of  ores,  and  is  best  done  as  follows  ; — 

25  c.c.  of  zinc  solution  arc  measured  into  a  beaker,  15  c.c.  of  liquid 
ammonia  of  Hp.  gr.  0*900  added  to  render  the  solution  alkaline,  then  very 
cautiously  acidified  with  acetic  acid,  and  50  c.c.  of  acid  ammonic  acetate 
(made  by  adding  together  20  c.c.  of  ammonia  of  sp.  gr.  0*900,  15  c.c.  of 
concentrated  acetic  a(!id  and  65  c.c.  of  distilled  water),  which  is  poured  into 
the  mixture,  then  diluted  to  250  c.c,  and  warmed  to  about  50°  C.  The 
titration  is  then  made  with  the  ferrocyanide  solution  by  adding  it  from 
a  burette  until  the  whole  of  the  zinc  is  precipitated.  Galetti  judges  the 
ending  of  the  process  from  the  first  change  of  colour  from  white  to  ash  grey, 
which  occurs  when  the  ferrocyanide  is  in  excess;  but  it  is  best  to  ascertain 
the  ending  by  taking  drops  from  the  solution,  and  bringing  them  in  contact 
with  solution  of  uranic  acetate  on  a  white  plate  until  a  faint  brown  colour 
appears.  The  ferrocyanide  solution  should  be  of  such  Btrength  that 
measure  for  measure  it  agrees  with  the  standard  zinc  solution.  In  the 
present  case  25  c.c.  would  be  required. 

In  examining  ores  of  zinc,  such  as  calamine. and  blende,  Galetti  take» 
0*5  gm.  for  the  analysis,  and  makes  the  solution  up  to  500  c.c.  Calamine 
is  at  once  treated  with  HCl  in  sufficient  quantity  to  bring  it  into  solution. 
Blende  is  treated  with  aqua  regia,  and  evaporated  with  excess  of  HCl  to 
remove  nitric  acid.  The  solutions  of  zinc  so  obtained  invariably  contain 
iron,  which  together  with  the  zinc  is  kept  in  solution  by  the  HCl,  but  to 
insure  the  peroxidation  of  the  iron,  it  is  always  advisable  to  add  a  little 
pota«*sic  chlorate  at  a  boiling  heat  during  the  extraction  of  the  ore.  The 
hvdrochloric  solution  is  then  diluted  to  about  100  c.c,  30  c.c.  of  ammonia 
added,  heated  to  boiling,  exactly  neutralized  with  acetic  acid,  100  c.c  of  the 
acid  ammonic  acetate  poured  in,  and  diluted  to  about  5(X)  c.c.  The  mixture 
as  prepared  will  contain  all  the  zinc  in  solution,  and  the  iron  will  be 
precipitated  as  acetate.  The  titration  may  at  once  l)e  proceeded  With  at 
a  temperature  of  about  50"  to  60*"  C.  by  adding  the  ferrocyanide  until  the 
necessary  reaction  with  uranium  is  obtained.  As  before  mentioned, 
Galetti  takes  the  change  of  colour  as  the  ending  of  the  process,  and  when 
iron  is  ]>resent  this  is  quite  distinguishable,  but  it  requires  considerable 
practice  to  rely  upon,  and  it  is  therefore  safer  to  use  the  uranium  indicator. 
When  using  the  uranium,  however,  it  is  better  to  dilute  the  zinc  solution  less, 
both  in  the  adjustment  of  the  standard  ferrocyanide  and  the  analysis  of 
ores.  The  dilution  is  necessary  with  Galetti*s  method  of  ending  the 
process,  but  half  the  volume  of  liquid,  or  even  les.**,  is  better  with  the 
external  indic*ator. 

In  Hydpochlorlc  Acid  Solution  (Fahlberg  and  Maxwell  Ly te). 
This  method  is  not  available  in  the  presence  of  iron,  copper,  nickel, 
cobalt,  or  manganese. 

The  Standard  Solution  of  Ferrocyanide. — 1  c.c.  =  0*01  gm.  of 
zinc.  Lyte  finds  that  this  is  obtained  by  dissolving  43*2  gm.  of 
pure  potassic  ferrocyanide  and  diluting  to  1  liter.  This  corresponds 
volume  for  volume  with  a  solution  of  10  gm.  of  pure  zinc  in  excess 
of  hydrochloric  acid  diluted  to  1  liter.     My  experiments  confinn 
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this,  but  each  oijcrator  is  advised  to  adjust  his  solutions  by 
eximriment,  always  using  the  same  quantities  of  reagents  and 
volume  of  liquid.  The  end  of  the  reaction  between  the  zinc  and 
ferrocyanide  is  found  by  uranium. 

Process :  If  a  M)lution  of  zinc  freely  acidified  with  HCl  is  heated  to  nearly 
boiling-point,  two  or  three  drops  of  uranic  acetate  or  nitrate  solntion  added, 
and  the  ferrocyanide  delivered  into  the  mixture  from  a  burette,  white  zinc 
ferrocyanide  immediately  precipitates,  and  as  the  drops  of  ferrocyanide  fall 
into  the  mixture,  a  brown  spot  of  uranic  ferrocyanide  appears,  but  dis- 
appears a^in  on  stirring  so  long  as  free  zinc  exists  in  solution.  The 
moment  all  the  zinc  is  converted  into  ferrocyanide,  the  addition  of  test 
solution  tinges  the  whole  liquid  brown.  This  addition  of  uranium  to  the 
liquid  may  be  used  as  a  guide  to  the  final  testing  on  a  porcelain  plate,  since 
as  the  precipitiition  approaches  completion,  the  tinge  of  brown  disappears 
more  slowlj-.  The  actual  ending,  however,  is  always  ascertained  by  spreading 
a  dro]>  or  two  of  the  liquid  upon  the  plate,  bringing  into  contact  with  it 
a  glass  rod  moistened  with  uranic  solution ;  when  the  same  shade  of  colour 
is  [produced  as  occurred  in  the  original  titration  of  the  ferrocyanide 
solution,  the  process  is  ended. 

Lyte  gives  the  following  method  of  treating  a  blende  containing 
lead,  copper,  and  iron  {C.  X,  xxi.  222) : — 

2  gin.  of  finely  powdered  ore  were  boiled  with  strong  HCl  and  a  little 
KCIO^,  the  insoluble  matter  again  treated  in  like  manner,  the  solutions 
mixed  and  evaporated  somewhat,  washed  into  a  beaker,  cooled,  and  moist 
baric  carbonate  added  to  precipitate  iron,  allowed  to  stand  a  few  hours,  then 
filtered  into  a  200  c.c.  flask  containing  10  c.c.  of  strong  HCl,  and  washed 
until  the  exact  measure  was  obtained.  20  c.c.  (  =  0*2  gm.)  of  blende  were 
measured  into  a  small  beaker,  diluted  with  the  same  quantity  of  water, 
3  drops  of  uranic  solution  added,  and  the  ferrocyanide  delivered  in  from 
a  burette.  When  70  c.c.  were  added  the  brown  tinge  disappeared  slowly  ; 
the  testing  on  a  white  plat«  was  then  resorted  to,  and  the  ferrocyanide 
added  drop  by  drop,  until  the  proper  effect  occurred  at  73  c.c.  As  a  slight 
excess  of  ferrocyanide  was  ne(?cssary  to  produce  the  brown  colour,  02  c.c. 
was  deducted,  leaving  72'8  c.c.  as  the  quantity  necessary  to  precipitate  all 
the  zinc.  The  02  gm.  of  blonde  therefore  contained  0*0728  gni.  of  Zn  or 
30*4  per  cent. 

The  sample  in  question  contained  about  2*7  per  cent,  of  copper, 
but  this  was  precipitated  with  the  iron  by  the  baric  carbonate  ;  had 
it  contained  a  larger  quantity,  the  i)ro(;ess  would  not  have  been 
available  unless  the  coi)per  was  removed  by  other  means. 

Ma  lion  {Avipr.  Chem.  Jouvn,  iv.  53)  uses  the  ferrocyanide 
method  mucli  in  the  same  way  as  above  described,  but  finds  that 
>In  must  be  absent  to  ensure  good  results.  In  the  presence  of 
Mn  he  separates  the  Zn  from  a  strong  acetic  solution  with  H^S. 
The  sulphide  is  then  dissolved  in  HCl  and  titrated  as  before. 

A  modification  of  the  ferrocyanide  method  so  as  to  be  available 
for  the  estimation  of  both  zinc  and  manganese  in  the  presence  of 
each  other  has  been  devised  by  G.  C.  Stone  {Joui\  Avier,  Chem. 
JSor.  XV ii.  437). 

The  standard  solutions  required  are  : — 
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Potassic  ferrocyanide,  about  30  gin.  per  liter.  Its  actual  working 
strength  is  found  by  titrating  it  upon  a  known  weight  of  either 
zinc  or  manganese  in  slightly  acid  solution,  using  a  very  dilute 
solution  of  cobalt  nitrate  as  outside  indicator.  A  correction  is 
made  in  all  cases  for  the  amount  of  ferrocyanide*  required  to  give 
the  reaction  with  the  indicator,  and  may  be  taken  as  0*5  c.c.  for 
every  100  c.c.  of  the  solution  titrated. 

Potassic  permanganate,  1*99  gm.  of  the  pure  salt  per  liter,  1  c.c. 
=  1  m.gm.  of  Mn. 

The  end-point  of  reaction  with  the  indicator  is  found  by  placing 
drops  of  the  cobalt  solution  on  a  white  tile,  and  bringing  a  drop  of 
the  liquid  under  titration  in  contact  with  it,  but  not  actually 
mixing.  The  occurrence  of  an  immediate  faint  green  line  at  the 
junction  of  the  drops  is  accepted  as  the  correct  reading. 

Process :  The  ore  is  ditwolved  in  IIC\  with  the  addition  of  KCIO*  as  nn 
oxidizer,  and  care  must  be  taken  to  have  Hufficient  ucid  to  keep  all  the 
man^DCso  in  solution. 

Lead  alone  need  not  be  separated ;  copper  C4in  be  precipitated  by  lead ;  or 
lead  and  copper  can  both  be  precipitated  by  aluminium.  Cadmium  should 
be  precipitated  by  H^S,  and  the  filtrate  oxidized.  Iron  and  aluminium  are 
beat  separated  by  baric  carbonate,  but  the  latter  must  be  free  from  alkaline 
carbonates  and  hydroxides,  baric  hydroxide  and  ammonium  salt**.  A  salt 
sufficiently  pure  for  the  purpose  may  be  obtained  by  suspending  the  ordinary 
pure  carbonate  (first  proved  free  from  ammonium  salts)  in  warm  water  for 
several  hours  with  2  or  3  per  cent,  of  its  weight  of  baric  chloride. 

The  well  oxidized  solution  of  the  ore  is  put  into  a  5(X)  c.c.  flask,  and  baric 
carbonate  suspended  in  water  added  until  the  precipitate  coagulates.  The 
whole  is  then  poured  into  a  beaker,  well  mixed,  allowed  to  settle,  and  the 
clear  liquid  decanted  through  a  dry  filter,  and  diluted  to  500  c.c.  Portions 
of  50,  100,  or  200  c.c.  of  the  filtrate  are  used  for  each  titration.  One  portion, 
which  should  contain  between  0*01  and  004  gm.  of  man^nese,  is  diluted  to 
200  CO.,  heated  nearly  to  boiling  in  a  jwrcelain  dish,  and  titrated  rapidly 
with  permanganate  with  vigorous  stirring. 

A  second  portion  is  made  slifirhtly  acid  with  hydrochloric  acid,  the 
zinc  and  manganese  are  titrated  toother  in  the  cold  with  ferrocyanide  ;  tiie 
dark  colour  of  the  precipitate  suddenly  changes  to  Ught  yellowish  j^reen 
shortly  before  the  end  of  the  reaction.  It  is  not  necessary  to  test  with  the 
cobalt  solution  until  1  or  2  c.c.  of  the  ferroc3ranide  have  been  added  after 
the  lightening  of  the  precipitate. 

Example:  1  c.c.  of  the  ferrocyanide  solution  equalled  0*00608  srm.  of 
zinc,  or  0'00384  of  manganese ;  1  c.c.  of  the  i)ermanganate  equalled  0*001 
^1.  of  manganese.  2^  gm.  of  the  ore  were  dissolved,  and  the  iron 
precipitated  and  filtered  out.  50  c.c.  of  the  solution  were  diluted,  heated, 
and  titrated  with  permanganate,  requiring  18*45  c.c.  =  7*38  per  cent,  of 
manganese.  100  c.c.  titrated  with  ferrocyanide  required  27*85  c.c,  of  which 
96 1  c.c.  would  be  used  by  the  man^nese  present.  Deducting  this,  18*24 
c.c.  was  left  for  the  zinc,  equal  to  01 1053  gm.,  or  22*11  per  cent.  The 
amounts  of  zinc  and  manganese  as  determined  gravi metrically  were  2205 
and  7*58  i>er  cent,  respectively. 

Von  Schulz  and  I«ow's  Method  (J?»^. /inrf 3f i'».  Jour.  1802, 178). — 
Prepare  a  solution  of  potassic  ferrocyanide  by  dissolving  44  gm.  of  the  pure 
salt  in  distilled  water  and  diluting  to  1  liter.  Then  prepare  a  standard 
solution  as  follows :  Dissolve  200  m.gm.  of  pure  zinc  oxide  in  10  c.c.  of  pure, 
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strong  hydrochloric  acid.  Add  7  gra.  of  chemically  pure  amnionic  chloride 
{free  from  copper)  and  about  100  c.c.  of  boiling  water.  Titrate  the  clear 
liquid  with  the  ferrocyanide  solution  until  a  drop  tested  on  a  porcelain  plate 
with  a  drop  of  a  strong  aqueous  solution  of  uranic  acetate  shows  a  brown 
tinge.  About  16  c.c.  of  ferrocyanide  solution  are  required.  When  the  brown 
tinge  is  obtained,  see  if  any  of  the  previous  testa  subsequently  develop 
a  similar  colour,  and,  if  so,  correct  the  burette  reading  accordingly.  Usually 
the  correction  for  two  previous  drops  has  to  be  made.  One  c.c.  of  this 
solution  equals  about  d'Ol  gm.  of  zinc. 

In  the  t^t  take  exactly  1  gm.  of  ore  and  treat  it  in  a  3i-in.  porcelain 
cnicible  with  25  c.c.  of  a  saturated  solution  of  chlorate  of  potash  in  nitric 
acid.  Do  not  cover  the  vessel  at  first,  but  warm  gently  until  any  violent 
-action  is  over  and  greenish  vapours  have  ceased  to  come  off.  Then  cover 
-with  a  watch-glass  and  boil  rapidly  to  complete  dryness,  but  avoid  over- 
heating and  baking.  A  drop  of  nitric  acid  adhering  to  the  cover  does  no 
liarm.  Cool  sufficiently  and  add  7  gm.  of  ammonic  chloride,  16  c.c.  of 
«trong  anunonia,  and  25  c.c.  of  hot  water.  Cover  and  boil  for  one  minute, 
and  thea,  nith  a  rubber-tipped  gla*s  rod,  see  that  all  solid  matter  on  the 
<jover,  sides,  and  bottom  of  the  crucible  is  either  dissolved  or  disintegrated. 
Filter  into  a  beaker  and  wash  several  times  with  hot  ammonic  chloride 
solution  (10  gm.  to  the  liter).  A  blue-coloured  filtrate  indicates  the 
presence  of  copper.  In  that  case  add  25  c.c.  of  strong  pure  hydrochloric 
acid  and  about  40  gm.  of  granulated  test  lead.  Stir  the  lead  about  in  the 
beaker  until  the  liquid  has  become  perfectly  colourless, 'and  continue  the 
stirring  for  a  short  time,  to  make  sure  that  the  copper  is  all  precipitate. 
The  solution,  which  should  still  be  quite  hot,  is  now  ready  for  filtration. 
In  the  absence  of  copper  the  lead  is  omitted  and  only  the  acid  added. 

About  one-third  of  the  solution  is  now  set  aside,  and  the  main  portion  is 
titrated  rapidly  with  the  ferrocyanide  until  the  end-point  is  passed,  using 
the  uranium  indicator  as  in  the  standardization.  The  greater  part  of 
the  reserved  portion  is  now  added,  and  the  titration  continued  with  more 
<mution  until  the  end-point  is  again  passed.  Then  add  the  remainder  of 
the  reserved  portion  and  finish  the  titration  carefully,  by  additions  of 
two  drops  of  ferrocyanide  at  a  time.  Make  corrections  for  the  final  rejiding 
of  the  burette  as  in  the  standardization.  In  this  process  cadmium  behaves 
like  zinc,  and  must  be  separated,  if  necessary,  by  some  other  method. 

Technical  process  for  Ores  containingr  Iron. — Vo i  g t  (Zeif.  ang.  Chem. 
1889,  307,  308).— The  solution  of  the  substance  in  hydrochloric  acid  is 
•oxidized  with  nitric  acid  and  diluted  to  about  100  c.c.  Sufficient  potassic 
tartrate  to  keep  the^iron  in  solution  is  added,  and  then  ammonia  to  feeble 
alkalinity,  and  the  liquid  is  further  diluted  to  about  250  c.c.  Standard 
solution  of  potassic  ferrocyanide  is  then  run  in,  until  a  drop  of  the  mixture 
brought  in  contact  with  strong  acetic  aciddevelops  a  permanent  blue.  The 
ferrocyanide  is  of  suitable  strength  if  1  c.c.  is  equal  to  001  gm.  of  zinc. 
About  46  gm.  of  the  salt  are  dissolved  to  a  liter,  and  the  solution  is  standard- 
ized against  one  of  zinc  made  by  dissolvinjjf  12*461  gm.  of  zinc  oxide  in 
hydrochloric  acid  and  diluting  to  a  liter ;  10  c.c.  of  this  solution  are  mixed 
with  5  gm.  of  potassic  tartrate,  a  few  drops  of  ferric  chloride,  ammonia,  and 
water  to  250  c.c,  and  should  require  10  c.c.  of  the  ferrocyanide.  An  essential 
condition  is  that  the  excess  of  ammonia  should  be  as  small  as  possible. 
Incorrect  results  are  obtained  when  much  manganese  is  present ;  lead  is  not 
injurious. 

6.     Estimation  of  Zinc  as  Oxalate. 

This  method  is  based   on  the  fact  that  all  the  metals  of  the 
magnesia  group  are  precipitated  in  the  absence  of  alkaline  salts  by 
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oxalic,  acid,  with  the  addition  of  alcohol.  The  cases  are  very  few 
in  which  such  a  method  can  be  made  available,  but  the  pro(!e8S  as 
^lescribed  by  W.  G.'  Lei  son  {SiUimans  Joum.  Sept.  1870) 
is  here  given. 

The  zinc  c^mipouiul  is  obtained,  preferably  as  sulphate,  in  neutral  sohition, 
and  strong  solution  of  oxalic  acid  and  a  tolerable  quantity  of  stronjif  alcohol 
are  added.  Zinc  oxalate  (|uickiy  separates  in  a  fine  crystalline  ]»o\vder,  which 
when  washed  by  alcohol  from  excess  of  oxalic  acid  and  drie<l,  can  be  dissolved 
in  hot  dilute  sulphuric  acid,  and  titnited  with  ponnanganato ;  the  amount 
of  zinc  is  calculated  from  the  weight  of  oxalic  acid  so  found.  If  the  zinc 
oxalate  be  washed  on  a  pa])er  filter,  it  (tannot  be  8ei»anited  from  the  paper 
without  contamination  with  fibres  of  that  material,  which  would  of  course 
affect  to  wnuc  extent  the  iKjnnangJinate  solution.  Hence  it  is  advisable  to 
filter  through  very  clean  sand,  best  done  by  a  spo4jial  funnel  ground  conical 
at  the  throat;  into  this  is  dropi>od  a  pear-sha])ed  stop])er  with  a  long  stem, 
the  pear-sha|>ed  stopper  fitting  the  funnel  throat  tightly  enough  to  prevent 
saml  but  not  li<|uids  from  passing;  a  layer  of  sand  being  placed  up<m  the 
globular  end  of  the  sto]>i)er  and  packed  closely,  the  liquid  containing  the 
oxalate  is  brought  ui)on  it  and  so  washe<l ;  finally  the  stopper  is  lifte<l,  the 
sand  and  oxalate  washed  thn)ugh  with  dilute  acid  hito  a  clean  flask,  and  the 
titration  completed. 

7.    Zinc  Bust. 

The  value  of  this  substance  dej^ends  upon  the  amount  of  mettdlic 
2inc  contained  in  it ;  but  as  it  generally  conttiins  a  large  ])roporti()n 
of  zinc  oxide,  the  foregcnng  methods  are  not  available  for  its 
valuation.  The  volume  of  liydrogeu  yielded  by  it  on  treatment 
with  acids  appears  t^)  be  the  most  accumte,  as  sugge^sted  by 
Fresenius  or  by  1  James  {J.  S.  0.  I.  v.  145).  This  may  very 
well  be  done  in  the  nitrom<.'t«*r  with  decomposing  flask,  and 
i'omparing  the  volume  of  gas  yielded  by  pure  zincr  anil  the  sample 
of  dust  luider  examination. 

AVtnl  dectomposes  a  known  volume  of  standard  soluticm  of 
i'oj)per  by  digesting  0*4  gm.  of  the  zinc  dust  in  a  platinum  capsule, 
with  50  c.c.  of  c()pj)er  solution  containing  0*5  gm.  Cu.  Tiie  zinc 
])recipitates  m»?tallic  copper  e<[uivalent  for  e^piivalent.  After 
removing  the  zinc  refuse  and  metallic  copper  by  hltration  and 
Wfishing,  an  ali(piot  iM)rtion  of  the  filtrate  is  titrated  with  standard 
tin  solution  for  the  exce.ss  of  copper  as  described  in  §  58.G.  Tlie 
iimount  of  Cu  precipitated,  when  multiplied  by  the  factor  1*0236, 
will  give  the  Zn  in  the  0*4  gm.  of  dust. 

Many  other  methods  have  been  proposed  for  the  valuation  of 
this  substiince.  The  best  is  that  of  Klemp  (Z.  a.  C.  xxix.  253), 
which  consists  in  treating  the  dust  with  an  excess  of  caustic 
l>otash  and  potiissic  icnlatc ;  the  latter  is  reduced  in  definite  pro- 
l)urtion  by  the  metallic  zinc  to  potassic  iodide,  an<l  the  latter 
4?stimated  by  distillation  in  the  iodometric  apparatus,  figs.  37  or 
38.  The  solutions  of  potash  and  iodate  must  be  somewhat  con- 
<entrated,  and  the  mixture  with  the  zinc  dust  must  bo  intimate, 
which  may  be  bcjst  secured  by  shaking  the  whole  together  in 
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a  well-stoppered  200  c  c.  flask  with  glass  beads.  A  5  per  cent, 
solution  of  iodate  should  he  used,  and  the  potash  solution  should 
be  about  40  per  cent.  For  1  gni.  of  .the  du^,  30  c.c.  of  the  iodate 
and  so  much  of  the  potash  solution  should  be  used  as  to  measure 
130  c.c.  The  weighed  substance,  together  with  the  beads,  being 
already  in  the  flask,  the  solutions  are  added,  the  stopper  greased 
with  vaseline,  tied  down  and  shaken  for  Ave  minutes,  then  heated 
on  the  water  bath,  with  occasional  shaking,  for  one  hour. 
(Digestion  without  heat  gives  practically  the  same  results.)  The 
flask  is  then  cooled  and  the  contents  diluted  to  250  or  500  c.c,  and 
50  or  100  c.c.  placed  in  the  distilling  flask,  acidified  with  sulphuric 
acid,  and  the  iodine  so  set  free  distilled  into  solution  of  potassic 
iodide,  and  titrated  with  thiosulphate  in  the  usual  way.  Each 
0*2  gm.  of  iodine  so  found  =  0*25644  gm.  Zn  or  1  part  of  Zn  should 
theoretically  liberate  0*7799  part  of  I. 

8.    Zlno  Oxide  and  Carbonate. 

Benedikt  and  Cantor  {Zeit.  angeic,  Cltevu  1888,  236,  237) 
shew  that  zinc  oxide  and  carbonate  can  be  accurately  titrated  with 
standard  acid  and  alkali,  using  methyl  orange  as  indicator,  and 
other  zinc  salts,  using  phenolphthalein.  The  oxide  or  carbonate  is 
dissolved  in  excess  of  acid,  and  the  excess  titrated  back  by  soda 
solution.  Zinc  salts  are  dissolved  in  water  (50  c.c.  to  0*1  gm.  ZnO), 
phenolphthalein  is  added,  and  then  standard  soda  solution  to  intense 
red  colour.  A  few  more  c.c.  of  soda  are  then  added,  the  mixture 
is  boiled  for  some  minutes,  and  the  excess  of  soda  titrated.  If 
either  free  acid  or  zinc  oxide  is  present  in  the  zinc  salt,  it  is 
neutralized  in  presence  of  methyl  orange  by  alkali  or  acid,  as  the 
case  may  be. 

OILS    AND    FATS. 

§  83.  The  examination  of  fatty  matters  by  titration  of  their 
soluble  or  volatile  and  total  fatty  acids  has  of  late  assumed  very 
considerable  importance,  in  view  of  furnishing  results  which  aid 
in  determining  the  amount  of  adulteration  to  which  they  are 
subject.  It  hivs  been  found  especially  serviceable  in  the  case  of 
butter,  and  two  methods  are  in  vogue,  both  of  which  give  good 
results.  The  same  methods  are  more  or  less  available  for  the 
examination  of  fats  other  than  butter ;  and  further  experiments 
by  various  operators  have  rendered  the  methods  of  value  for 
difierentiating  various  fatty  bodies.  The  titration  methods,  more 
especially  for  butter,  were  originated  by  Koettstorfer  (Z.  a.  C, 
xix.  199)  and  Reichert  (Z.  a.  G,  xviii.  68):  this  latter  method 
has  been  considerably  improved  by  the  suggestions  of  AVollny, 
based  on  a  long  series  of  ex])eriments  (Bied,  Centr.  699,  also 
Aiiait/st  xii.  203),  and  is  now  known  commonly  as  the  Reichert- 
Wollny  method. 
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Another  interesting  method  of  examining  tlie  nature  and 
composition  of  various  fats,  is  by  the  power  they  possess  of 
absorbing  bromine  or  iodine.  Tliis  method,  as  regards  bromine, 
has  been  worked  out  with  considerable  diligence  and  ability  by 
Mills  and  8  nod  grass  (J.  S,  C.  I.  ii.  435  and  ibid  iii.  366),  also 
by  Allen  (ibid  v.  6S,  and  also  in  liis  well-known  treatise  on 
Organic  Analysis).  The  iodine  method  of  llubl  is  described  in 
/.  S,  C.  L  iii.  641.  These  various  methods  have  been  most 
voluminously  discussed  in  their  chemical  and  practical  aspects,  so 
that  it  must  suttice  here  to  give  shortly  the  methods  of  analysis. 
It  is  only  perhaps  necessary  to  say  that  IIubTs  io<line  method  is 
now  generally  adopted  in  preference  to  the  absorption  by  bromine 
excei)t  in  the  case  of  Hehner's  gravimetric  bromine  method. 
The  literature  on  this  subject  is  extremely  voluminous  and  cannot 
be  (pioted  here.  An  excellent  digest  of  the  various  methods  and 
opinions  is  given  in  Allen's  Organic  Analysis,  also  by  Droop 
Richmond  {AnaJijd  xvii.  171). 

Batt«r. 

Beichert's  Method. — This  method  is  based  (m  the  fact,  that 
butter  fat  in  a  genuine  state  never  contains  less  than  4  per  cent, 
of  volatile  fatty  acids,  whereas  other  fats  contiiin  either  none  at  all 
or  very  much  less  than  butUjr.  The  process  consists  in  saponifying 
the  fat  to  be  examined  by  an  alkali,  separating  the  lixed  acids  by 
neutralizing  the  alkali,  and  distilling  oiF  the  volatile  acids  (chiefly 
l)utyric  and  ca})roic)  for  titration  with  stiin.lard  acid.  In  this  anil 
Xoettstorfer's  metlKwl,  where  also  alcoholic  solution  of  caustic 
alkali  is  used,  it  is  essential  to  avoid  absorption  of  CO-  by  lon^^ 
ex])0sure. 

The  necessary  solutions  are:  — 

1.  Standard  Baric  hydrate,  ^^j  strength  is  most  convenient, 
but  any  solution  ai)proximating  to  that  strength  may  bo  used,  and 
a  facU^r  found  to  convert  it  to  that  strengtli  in  calculating  the 
results  of  titration.  It  must  be  carefully  preserved  from  CO-  by 
any  of  the  usual  arrangements,  and  where  a  constant  series  of 
titrations  are  carried  on,  it  is  best  to  have  a  store  l)Ottle  and 
burette  fitted,  as  shown  p.  12,  iig.  11. 

2.  Phenol phthalehi,  see  p.  37. 

3.  Alcohol  of  about  95  per  cent  strength,  recently  distilled  from 
caustic  soda. 

4.  Solution  of  caustic  soda.  Made  by  dissolving  100  gm.  of  good 
sodic  hydrate  in  100  c.c.  of  distilled  water  which  has  been  recently 
w(!ll  boiled  and  cooled  ;  this  solution  will  not  be  contiminiited  with 
C<  )■-  to  any  exti'ut,  since  any  Na^CO'*  which  might  be  formed  is 
<piitc  insoluble  in  the  strong  solution;  it  must  be  allowed  to 
stuid  until  <[uite  clear,  then  [joured  off  and  well  preserved. 

Leffmann  and  Leani  advocate  the  use  of  alkali-glycerol   ia 
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place  of  alcoholic  alkali  in  saix)nifying  the  fat,  and  the 
re-agent  is  made  by  mixing  25  c.c.  of  the  50  per  cent, 
caustic  soda  described  above  with  125  c.c.  of  pure  glycerine. 
10  c.c.  of  this  solution  \v'ill  perfectly  saponify  5  gm.  of 
butter  fat  when  the  two  are  heated  carefully  over  a  liunsen  flame 
in  a  small  flask  for  five  minutes  with  shaking.  The  operation  of 
evaporating  off  the  alcohol  together  with  the  risks  of  al)Sorption 
of  CO"^  is  thus  obviated.  After  complete  saponification,  the  soap  is 
dissolved  in  about  100  c.c.  of  water  added,  at  first,  drop  by  drop, 
and  the  distillation  carried  on  as  usual. 

5.  Dilute  sulphuric  acid  for  separatipg  the  fatty  acids,  is  made 
by  diluting  25  c.c.  of  strongest  IPSO**  to  a  liter. 

6.  The  apparatus  for  digestion  and  distillation  are  shown  in 
fig.  52,  the  same  Erlenmeyer  flask  being  used  for  the  digestion 
and  for  the  distillation.     The  distilled  liquid  drops  into  a  small 


Pig.  52. 

funnel  containing  a  small  jwrous  filter  for  separating  any  scum 
which  may  pass  over  with  the  distillate ;  the  receiver  holding  the 
funnel  is  marked  at  50  c.c.  and  100  c.c,  so  as  to  be  available  for 
either  2*5  gm.  or  5  gm.  of  butter  fat. 

The  following  method  of  manipulation  as  drawn  up  by  the 
Association  of  Ofticial  Agi-icultural  Chemists,  U.S.A.,  is  recom- 
mended as  being  all  that  is  recjuired  to  ensure  accuracy,  and 
applies  to  the  treatment  of  approximately  5  gm.  of  fat  for  each 
operation.  .  Many  operators  i)refer  to  take  about  half  that 
quantity,  which  saves  time,  and  need  not  be  any  the  less  accurate. 

Procesf,  Wteighing  the  Fai :  The  butter  or  fat  to  be  examined  should  be 
melted  aud  kept  in  a  dry  warm  place  at  about  60"*  C.  for  two  or  three  hours 
until  the  moisture  and  curd  haveentirely  settled  out.  The  clean  supernatant 
fat  is  poured  off  and  filtered  through  a  dry  filter  paper  in  a  jacketed  filter 
containing  boiling  water,  to  remove  all  foreign  matter  and  any  traces  of 
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moisture.     Should  the  filtered  fat  in  a  fused  state  not  1)0  i>crfectly  dear  the 
trejitraent  above  mentioned  must  be  repeated. 

The  saponification  flasks  are  pre]ttired  b}'  havin;^  them  thorouj]:hly  washed 
with  water,  alcohol,  and  ether,  wii>ed  perfectly  dry  on  the  outside,  and 
heated  for  one  hour  to  100^  (/.  The  flasks  should  then  be  ]>laced  in  a  tray 
by  the  side  of  the  balance  and  covered  with  a  silk  handkerchief  until  they 
are  perfecjtly  cool.  They  nnist  not  bo  wiped  with  a  silk  liandkerchief  within 
fifteen  or  twenty  minutes  of  the  time  they  are  wei}?hed.  The  wei^'lit  of 
each  flask  is  detennined  accurately,  usin^  a  ijask  for  a  counterbalance  or  not, 
as  may  bo  convenient.  The  wei^jht  of  the  flasks  having  been  accurately 
determined  they  are  char^'od  with  the  melted  fat  in  the  following  way :  — 

A  pipette  with  a  lonj^^  stem  marked  to  deliver  5*75  c.c.  is  warmed  to 
a  temperature  of  al)out  5(T  C.  The  fat  having,'  been  poured  back  and  forth 
once  or  twice  into  a  <lry  beaker  in  onler  to  thorou^^hly  mix  it,  it  is  taken  up 
in  the  piiH?tte.  the  nozzle  of  the  pi|>ette  carried  to  near  the  bottom  of  the 
flask,  it  havin;^'  been  ])reviously  wii)ed  to  remove  any  adhering  fat.  The 
5*75  c.c.  of  fat  are  allowed  to  flow  into  the  flask  and  the  pipette  is  removed. 
After  the  flasks  have  been  cluir^ed  in  this  way  they  should  be  re-covered 
with  the  silk  handkerchief  and  allowed  to  st'ind  fifteen  or  twenty  minutes, 
when  they  are  a^niin  weij^hed  to  as(;ertain  the  exact  amount  of  fat. 

The  Saponification  :  10  c.c.  of  95  per  cent,  alcohol  re-distilled  from  ciuistic 
Moda  are  added  to  the  fat  in  the  flask,  2  c.c.  of  the  concentrated  soda  solution  are 
added,  a  soft  cork  st4)pl^er  inserted  in  the  flask,  and  tied  down  with  a  piece  of 
twine.  The  saponification  is  then  completed  by  i»bicing  the  flasks  upon  the 
water  or  steam  bath.  The  flasks  during  the  saponification,  which  should  last 
for  one  hour,  should  be  jfently  rotated  from  time  t^)  time,  l^ein^f  careful  not 
to  project  th.^  soap  for  any  distance  up  the  sides  of  the  flask.  At  the  end  of 
an  hour  the  flask.**,  after  having  been  cooled  to  near  the  room  temperature, 
are  opened. 

Remocal  of  the  Alcohol:  The  stoppers  liavinjr  been  laid  loosely  in  the 
mouth  of  the  flasks  the  alcohol  is  removed  by  dii'pin^,'  the  flasks 
into  a  ste;im  bath.  The  steam  shoubl  cover  the  whole  of  the 
fla.Mk  except  the  neck.  After  the  alcohol  is  nearly  romoveil,  frothinjj 
nvxy  bo  noticed  in  the  soap,  and  to  avoid  any  loss  from  this  cause,  or  any 
creepinj^  of  the  soaj)  up  the  sides  of  the  flask,  it  should  be  t:iken  from  the 
bath  and  shaken  to  and  fro  until  the  frothing'  disapi)o;ir.^.  The  last  tra(!es 
of  alcohol  vapour  may  Ikj  removed  from  the  flask  by  wavin;^'  it  briskly, 
mouth  down,  to  and  fro.  Complete  removal  of  the  alcohol  with  the  pre- 
<?autions  alM)ve  noted  should  take  about  fortv-five  minuter. 

DUtolmug  fhc  Soap :  After  the  removal  of  the  alcohol  the  soap  should 
be  dissolved  by  addiiij^  ICK)  c.c.  of  recently  l)oiled  distilled  water,  and  warmed  on 
the  steam  Ixith  with  occisional  shakin^^  \\v\X.\\  the  soap  is  completely  dissolved. 

Setting  Fi'fe  the  Fatty  Ac\d»  :  When  the  soap  solution  has  cooled  to 
alx)ut  00'  or  70'  C,  the  fatty  acids  are  sepanited  by  adding  40  c.c.  of  the 
dilut«*  sulphuric  a<'id  mentioned  above. 

MtUiny  the  Fat t if  Acids:  The  flasks  should  now  be  re-stoppered  as  in  the 
first  instance,  and  tlie  fatty  acids  melted  by  replacing'  the  flasks  on  the  steam 
bath.  According;  to  the  nature  of  the  fat  examined  the  time  require<l  for 
the  fu-iion  of  the  fattv  acids  mav  varv  from  a  few  minutes  to  hours. 

The  Jjistillafion  :  Aft^r  the  fatty  acids  are  completely  melted,  which  can 
be  determined  by  their  forming'  a  transparent  oily  layer  on  the  surface  of 
the  water,  the  flasks  are  cooled  to  n)om  temperature  and  a  few  pieces  of 
pumice  stone  added.  The  ))umice  stone  is  i)repared  by  throwinj^  it,  at  white 
lieat,  into  distilled  water,  and  kt«piuj(  it  under  water  until  used.  The  flask 
is  now  connec'tcd  with  the  condenser,  slowly  heated  with  a  naked  flame  until 
ebullition  begins,  and  then  the  distillation  continued  by  rej<ulatinK  the  flame 
in  such  a  way  as  to  collect  100  c.c.  of  the  distillate  in  as  nearly  on  possible 
thirty  minutes. 
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Tifrafion  of  the  Volatile  Acidft :  The  100  c.c.  of  the  filtered  distilbite  are 
poured  into  a  beaker  holding  from  200 — 250  c.c,  0*5  c.c.  of  phcnolphthalein 
solution  added,  and  decinormal  baric  hj'drate  run  in  until  a  red  colour  is 
produced.  The  contents  of  the  beaker  are  then  returned  to  the  measuring' 
flask  to  remove  any  acid  remaining  therein,  poured  again  into  the  beaker, 
and  the  titration  continued  until  the  red  colour  produced  remains 
apparently  unchanged  for  two  or  three  minutes. 

It  must  be  borne  in  mind  that  this  method  is  not  one  of  strict 
chemical  accuracy,  but  the  experience  of  the  author  and  a  host  of 
other  very  competent  operators,  clearly  show  that  the  distillate 
from  5  gm.  of  genuine  normal  butter  fat  when  carried  out  as 
described,  should  require  not  less  than  25  c.c.  of  -jj^  alkali  to 
neutralize  the  volatile  acids  present.  It  is  tnie  tliat  butters  known 
to  bo  genuine  have  occasionally  l)een  found  to  give  lower  figures 
from  some  unexplained  causes,  one  of  which  seems  to  be  due  to 
milk  taken  from  cows  towards  the  end  of  their  period  of  lactation. 
The  figure  may  also  rise  to  32  or  33  c.c.  of  alkali.  This  is  often 
the  case  Avith  butters  produced  in  warmer  climates  than  (Jreat 
Ikitain.  The  general  average  for  butters  taken  from  the  mixed 
milk  of  a  number  of  cows  will  be  between  27  and  28  c.c.,  whereas 
margarine  will  rarely  require  more  than  0  5  c.c,  beef  fat  and 
lard  about  the  same,  while  cocoa-nut  fat,  which  gives  the  highest 
figures,  re([uires  about  7  c.c. 

It  may  therefore  be  concluded  that  any  sample  of  butter  fat, 
which  requires  less  than  25  c.c.  of  y^  alkali  must  be  looked  upon 
with  suspicion. 

Koettstorfer's  Method. — This  operation  estimates  the  saponi- 
fying e([uivalent  of  any  fatty  substance,  but  is  allowed  on  all 
hands  to  be  less  satisfactory  in  discriminating  mixtures  of  other 
fats  Avitli  butter,  although  extremely  useful.  In  this  method  the 
whole  of  the  acids  existing  in  the  fat  are  estimated.  The  solutions 
required  are  the  following  : — 

Standard  Hydrochloric  Aci<l. — Semi-normal  strength,  i.e.,  18*185 
gm.  ])er  liter. 

Standard  Solution  of  Caustic  Potash  in  Alcohol. — ^Methylated 
spirit,  previously  digested  with  permanganate,  dehydrated  with  dry 
pota.ssic  carbonate,  then  distilled,  rejecting  the  first  portions,  may 
be  used  in  place  of  pure  alcohol.  In  any  case  the  strength  should 
not  be  less  than  90  per  cent.,  and  the  solution  should  be  freshly 
made  to  avoid  any  deep  colouration  lilcely  to  interfere  Avith  the 
indicator.  As  it  raj)idly  changes  in  strength,  it  is  not  possible  to 
rely  up.on  its  being  semi-normal,  but  it  sliould  be  roughly  adjusted 
at  about  that  strength  with  absolutely  accurate  hydrochloric  acid, 
and  a  blank  experiment  made  side  by  side  with  each  titration  of 
fat.  The  excess  of  potash  used  in  the  fat  titration  is  thus  expressed 
in  terms  of  ^  acid,  and  to  arrive  at  the  percentage  of  potash  each 
c.c.  is  nndtiplied  by  0*02805.  The  saponific^ation  eipiivalent  of 
the  fat  or  oil  is  found  by  dividing  the  weight  in  milligrams  of  the 
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sample  by  the  number  of  c.c.  of  normal  (not !})  acid  corresponding 
to  the  alkali  neutralized  by  the  oil.  If  the  percentage  of  potash 
is  known,  the  sai)onifying  etpiivalent  may  be  found  by  dividing 
this  percentage  into  5610,  or  if  Nall(.)  is  the  alkali  used, 
into  4000. 

Proceat:  From  2  to  2*5  >?m.  of  the  fat,  previously  puriflod  by  melting  and 
filtration,  are  carefully  weij^hed  into  a  flask  fitted  with  vertical  tube.  25  c.c. 
of  standard  potash  are  then  added,  the  mixture  heated  on  the  wnter  bath  to 
;^entle  boiUn^,  with  occasional  agitation,  until  a  perfectly  clear  solution  is 
obtained.  Koettstorfer  recommends  heating  for  fifteen  minutes;  but  in 
the  case  of  butters  thi'*  is  generally  more  than  sufficient;  with  other 
fat*  twenty  minutes  to  half  an  hour  may  bo  required.  At  the  end  of  the 
saponification  the  flasks  are  removed  from  the  bath,  a  definite  and  not  too 
small  a  quantity  of  phenolphthalein  added,  and  the  titration  carried  out  with 
as  little  exposure  to  the  air  as  is  possible. 

The  method  of  calculation  adopted  by  Koettstorfer  is  to 
ascertain  the  number  of  milligrams  of  KH( )  ret^uired  to  saturate 
the  atiids  contained  in  1  gm.  of  fat,  or,  in  other  word?,  parts 
per  1000.  He  found  that,  operating  in  this  way,  i)ure  butters 
required  from  221  "5  to  232*4  m.gm.  of  KHO  for  1  gm.,  whereas 
the  fats  usually  mixed  with  butter,  such  as  beef,  mutton,  and  pork 
fat,  required  a  maximum  of  197  m.gm.  for  1  gm.,  and  other  oils 
and  fats  much  less. 

Practically  this  means  that  the  amount  of  KHO  required  for 
genuine  butters  ranges  from  23*24  to  22*15  per  cent.,  the  latter 
l)eing  the  inferior  limit.  If  caustic  soda  is  used  instead  of  potash, 
other  numbers  must  of  course  be  used. 

My  experience,  and,  I  believe,  also  that  of  others,  shows  that 
the  method  cannot  be  depended  upon  in  the  case  of  old  re-melted 
butters,  although  perfectly  genuine. 

Tiic  following  list  shows  the  i)arts  of  KHO  retpiired  per  1000 
of  fat ;  the  first  four  being  calculated  from  their  known  equivalents, 
the  rest  obtained  exi)erimentally  by  Koettstorfer,  Allen, 
>Stoddart,   or  Archbutt: — 


Tripalmitin 

- 

208-8 

Linseed 

-     189—195 

Tristearin    - 

- 

1891 

Cotton  Seed 

-     191—196 

Triolein 

- 

llK)-4 

Whale 

-     190—191 

Tributyrin  - 

- 

557-3 

Seal     - 

-     191—196 

Cocoanut  Oil 

- 

27()-() 

Colza  and  Rape  - 

-     175—179 

Dripping     - 

- 

197-0 

Cod  Oil       - 

-     182—187 

Lard   -        -        - 

- 

195-6 

Pilchard 

-     1K6— 187 

Horse  Fat   - 

. 

199-4 

Castor 

-     176-178 

lijinl  Oil      - 

-     191 

—196 

Sperm 

-     130—134 

Olive  Oil     - 

-     191 

—196 

Shark 

84-5 

Niger  Oil    - 

-     189 

—191 

A  further  apjdication  of  this  method  may  be  made  in  estimating 
separately  the  amounts  of  alkiUi  required  for  saturating  the  free 
fatty  acids  and  saponifying  the  neutral  glycerides  or  other  ethers 
of  any  given  sample  of  fat,  oil,  or  wax  (see  Allen,  Onjanic 
AnalijsU  ii.  45,  76). 
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Titration  of  Misoellaneous  Oils  and  Fats  with  Bromine  or  Iodine. 

Tho  best  metliod  of  carrying  out  this  examination  as  regards 
bromine,  ai:)pears  tx)  be  that  of  Mills  and  Snodgrass,  to  which 
reference  has  previously  been  made.  The  idea  of  using  bromine 
is  by  no  means  new.  Cailletet  in  1857  adoi)ted  such  a  method  ; 
but  the  difficulty  then,  and  up  to  the  time  when  the  task  was 
imdertaken  by  the  operators  mentioned,  was  the  accurate  measure- 
ment of  the  excess  of  brommo  used,  and  the  adaptation  of  such 
a  solvent  for  both  the  fats  and  the  bromine  as  would  exclude  the 
presence  of  water,  and  the  tendency  to  form  substitution  products 
of  variable  and  unknown  character  in  preference  to  merely  additive 
products. 

Our  knowledge  of  the  exact  composition  of  the  great  family  of 
fats  and  oils  is  at  present  Ihuited,  and  it  is  not  possible  to  make 
this  reaction  possess  any  strict  chemical  valency ;  but  experiment 
has  shown  that  there  are  certain  well-defined  fats  which  absorb 
within  a  very  narrow  limit  the  same  amount  of  the  halogen  under 
the  same  conditions,  and  hence  the  method  may  be  made  highly 
suggestive  as  to  mixtures  of  various  fats  whose  absorption  powers 
have  been  observed. 

In  the  first  instance  the  common  solvent  used  for  the  fat 
and  the  bromine  was  carbon  disulphide ;  but  although  verj*  good 
results  were  obtained,  compared  with  solvents  previously  tried  by 
other  operators,  tliero  were  the  drawbacks  of  its  offensive  smell, 
.  and  the  solutions  of  bromine  in  it  did  not  possess  much  stability. 
Finally,  Dr.  Mills  adopted  carbon  tetrachloride  as  the  medium 
with  the  happiest  effects ;  and  it  was  found  that  the  bromide 
solution  could  be  preserved  for  at  least  three  months  without 
diminution  of  standard.  On  the  other  hand,  by  using  this 
medium,  there  is  the  necessity  of  working  with  gi\'»ater  delicacy, 
since  the  presence  of  the  merest  trace  of  water  has  more  effect  in 
producing  substitution  compounds  than  in  the  case  of  the  disulphide. 
The  accurate  estimation  of  the  excess  of  bromine,  after  the  absorp- . 
tion  is  complete,  is  necessarily  a  matter  of  great  importance ;  and 
this  can  be  done  either  by  comiuirison  of  colour  with  bromine  solu- 
tion of  known  strength  (the  least  effective  method) ;  or  by  titration 
with  thiosulphate,  using  starch  and  potassic  iodide  as  the  indicator, 
which  is  better.  But,  best  of  all,  the  operators  after  long  research 
found  that  by  using  f3  naphthol  (a  suljstance  which  is  readily  and 
cheaply  obtainable,  and  which  forms  in  the  presence  of  carbon 
tetrachloride  a  mono-bromo  derivative)  thev  could  construct 
a  solution  of  corresponding  strength  to  the  standard  bromine,  and 
thus  titrate  back  in  the  same  way  as  is  commonly  practised  in 
alkalimetry.  Verv  fair  results  were  obtained  colorimetricallv  bv 
adopting  the  device  of  interposing  a  stratum  of  iiotassic  chromato 
solution,  so  as  to  neutralize  the  yellow  colour  2)roduceil  with 
some  of  the  fish  oils,  and  which  tended  to  mask  the  red  colour  of 
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the  bromine.  Experiments  showed  that,  using  a  bromine  solution 
having  a  mean  standanl  of  0*00644  gm.  per  c.c,  the  average 
probable  error  per  cent,  in  a  single  result,  when  adopting  the  colour 
method  or  the  thiosulphate  and  iodine  was  0*62,  whereas  with 
/3  naphthol  it  was  reduced  to  0*46.  But  it  is  hardly  necessary  to 
say  that,  using  sucli  a  small  portion  of  material  as  is  absolutely 
necessary  in  onler  to  avoid  secondary  results,  considerable  care 
and  i)ractice  are  required.  The  sami)le  of  oil  or  fat  must  be  dried 
as  comi)letely  as  possible,  by  heating  and  subsequent  flittering 
through  dry  scraps  of  bibulous  paper,  or  through  dry  double  filters, 
before  being  weighed. 

Procfsv :  01  to  ()2  )snn.  of  the  fat  is  dissolved  in  60  c.c.  of  tho  tetra- 
chloride and  standard  bromine  added,  until  at  the  end  of  15  minutes  there 
is  a  permanent  red  colour.  If  tho  colorimetric  method  is  used  50  c.c.  of 
tetrachloride  is  tinted  with  standard  bromine  to  correspond.  If  the  iodino 
re-action,  the  solution  of  brominateil  material  is  added  to  potassic  iodide  and 
starch,  and  ^^  sodic  thiosulphate  delivered  in  from  a  burette  till  tho  colour  is 
disH-diar^ed.  If,  on  tho  other  hand,  tho  standard  naj»hthol  solution  is  used, 
it  is  also  cautiously  a<ided  from  a  burette  until  the  colour  is  removed.  It  is 
imperative  that  the  openitions  in  all  cases  be  carrie<l  on  out  of  direct  sunlight. 
If  the  openitor  is  unable  to  use  carbon  tetrachloride,  the  disulphide  may  be 
used ;  but  the  solution  of  bromine  in  this  medium  is  less  stable,  and  must 
]je  checked  more  frequently.  Somewhat  larger  portions  of  oil  or  fat  may 
however  bo  used  for  tlie  analysis. 

It  may  be  of  service  to  give  some  few  of  the  results  obtiunod 
by  Mills  and  Snodgrass. 


Absorption  per  cent. 


I 


OILS. 


Almond  (from 

hitter    fniit) 
Do.  (from  sweet) 
Cod  - 
Nut  - 
Ling  Liver 
Mustanl    - 
Neatsfoot  - 
Olive 
Palm 
Seal  - 
AVhale       - 
Linseed 
Mineral  Oil 
Shale  Oil 

acconling  to  . 

sp.  gr.        ; 

Aniline 
Turpentine  (dry) 


) 


2()-27 
r>:v7t 

W15 
38*33 
(50-61 
3600 
57-3^1 
30-92 
70-O9 
3031 

22 to  12 


FATS. 


3501 

27*93 

250 

3G-32 


IJeef 

Butter  (fresh)   - 

Do.  (commercial) 

lUitterine  Scotch 

Do.  (French)     -  3971 

Cocoanut  - 

Vaseline    - 

Stearic  Acid 

Lard 


670 

0-00 
37  29 


-  1()»-H  1 
2300  i 


WAXES. 


Beeswax  - 
Carnauba 
Japan  (1) 
Do.      (2) 
Myrtle    - 


0-00 
33-60 
2-33 
1-53 
G-34 
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The  same  operators  determined  the  percentage  absorption  by 
pure  anhydrous  turpentine,  aniline  and  olive  oil  purified  by 
iiltration  after  long  standing  at  low  temperature.  The  calculated 
values  are  based  on  the  known  ratios — 

Qwjiu  .  j>r4^  C^'H'N  :  Br2  and  (C^H^)  (Ci^H^'^O^)'*  :  Br«. 

The  mean  of  three  estimations  each  in  turpentine  and  aniline  were 
236*0  and  169*8  per  cent,  five  estimations  in  olive  oil  (triolein) 
54  per  cent.  The  percentage  by  calculation  is  respectively  235*3, 
172,  and  54*3. 

The  Iodine  Iff ethod. — This  has  been  worked  out  by  Hubl 
and  others,  but  is  not  nearly  so  expeditious  as  the  method  just 
described ;  though,  as  before  stated,  it  has  to  a  large  extent  replaced 
it,  owing  mainly  to  the  fact  that  less  trouble  is  required,  and  the 
reactions  involved  are  less  delicate  while  equally  accurate. 

The  Standard  Iodine  Solution. — This  is  made  by  dissolving 
respectively  5  gm.  of  iodine  and  6  gm.  of  mercuric  chloride  in 
separate  j^ortionsof  strongest  alcohol,  of  100  c.c.  each,  then  mixing 
the  two  liquids,  and  allowing  to  stand  for  12  hours  before  taking 
the  standard  with  thiosulphate  and  starch.  This  solution  must 
always  be  standardized  before  use,  and  it  is  advisable  not  to  mix 
a  large  quantity  unless  it  can  be  consumed  at  once. 

Process :  02  to  0*5  gm.  of  the  fat  or  oil  is  dissolved  in  10  c.c.  of  purest 
chloroform  in  a  well-stoppered  wide-mouthed  bottle,  and  20  c.c.  of  the  iodine 
solution  added.  After  not  less  than  two  hours'  dit,'esiion  the  mixture 
should  possess  a  dark  brown  tint ;  under  any  circumstances  it  is  necessary 
to  have  a  considerable  excess  of  iodine  (at  least  double  tiie  amount 
absorbed  ou^'lit  to  be  present),  and  the  diji^estion  should  be  from  six 
to  eight  hours.  At  th3  end  of  that  time  the  liquid  is  transferred  to 
a  beaker,  the  bottle  rinsed  out  with  some  solution  of  potassic  iodide,  the 
rinsings  added  to  the  beaker,  then  more  of  the  iodide  solution  added  until  all 
free  iodine  is  dissolved,  the  whole  is  then  diluted  w-ith  150  c.c.  of  water, 
and  ^\  thiosulphate  delivered  in  till  the  colour  is  nearly  discharged. 
Starch  is  tlien  added,  and  the  titration  finished  in  the  usual  way. 

If  after  standing,  say  two  hours,  the  amount  of  iodine  is  insufficient,  it  is 
best  to  make  a  fresh  experiment  with  either  less  fat  or  more  iodine. 

The  numbers  obtained  by  Hubl  are  given  in  /.  S.  C.  I.  iii.  642. 

A  blank  experiment  should  in  every  case  be  made  side  by  side 
with  the  sample,  using  the  same  proportions  of  chloroform  and 
iodine  solution. 

JSxampIe  with  pure  Lard  (E.  TV.  T.  Jones):  About  20  drops  of  the 
melted  lard  were  dropped  into  a  carefully  weighed  dry  bottle,  the  weight  of 
fat  taken,  the  bottle  then  placed  on  the  water  bath  so  as  to  melt  the  fat,  and 
then  before  quite  cold  the  10  c.c.  of  chloroform  added  aAd  mixed.  When 
quite  cold  20  c.c.  of  the  iodine  mixture  were  measured  in  and  the  whole 
allowed  to  stand  the  required  time.  The  thiosul])hate  was  not  of  strict  ,^ 
strength,  but  a  careful  titration  showed  that  each  c.c. ^00127678  gm.  1. 
The  amount  of  fat  taken  was  0566  gm.,  and  after  digestion  with  20  c.c.  of 
the  Hubl  solution  required  9*4  c.c.  of  thiosulphate.    The  20  c.c.  of  Hubl 
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originally    required  350  c.c.  of    thiosulphate,  lieiice  35G  —  9*4  —  26*2 x 
00127678x^^  =  501  7,  of  iodine. 

Allen  states  that,  in  both  the  bromine  and  ioiline  methods  of 
titration,  the  amount  of  halogen  taken  up  may  be  considered  as 
a  measure  of  the  unsaturated  fatty  acids  (or  their  glycerides) 
present.  Thus,  the  acids  of  tlic  acetic  or  stearic  series  exhibit  no 
tendency  to  combine  with  bromine  or  iodine  under  the  conditions 
of  tlie  experiments,  while  the  acids  of  the  acrylic  or  oleic  series 
assimilate  two,  and  the  acids  of  the  linoleic  series  four  atoms  of 
the  lialogen. 

We  are  indebted  to  R.  T.  Thompson  and  H.  IJallantyne 
{J,  S.  C.  I.  ix.  588)  for  a  very  careful  revision  of  the  constants 
required  in  the  analysis  of  Oils  and  Fats,  the  results  of  which  are 
given  in  the  following  table.*  The  lards  operated  upon  were 
rendered  by  themselves  and  are  therefore  genuine.  The  fact  is 
brouglit  out  that  for  each  0*1  increase  in  specific  gravity,  there  is 
an  increase  of  1  '3  per  cent,  of  i(xline  absorption,  and  beef  fat  seems 
to  follow  the  same  nde.  Cotton  seed  oil  shows  oidv  about  half 
tiiat  proportion. 

In  using  the  iodine  absorption  method  these  operators  found 
that  some  oils  required  fully  eight  hours  for  complete  absorption, 
and  they  recommend,  as  a  rule,  to  start  the  digestion  in  the  evening 
and  titrate  the  solutions  on  the  following  morning. 

•  Since  the  fl^iireH  in  the  following  tab!e  were  published,  the  authors  have  revised 
them  by  further  experiments  (7.  ^.  C  I.  x.  2^),  and  compared  them  with  results 
obtained  by  other  chemists.  The  concluBiou  is  that  in  the  case  of  Olive  oils,  the 
fl>aire8  may  vary  for  iodine  absoriitiou  from  79  ".„  in  Oioja  to  86*9  in  Mo^ndore  oil; 
sliwrht  variations  also  occur  in  the  potash  neutralizing  power,  the  numbers  boiuK 
generally  too  low. 
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T&lllo  of  Constuita  In  tha  AnalTila  of  OII>. 


Nitoraof  OilorFmt. 

Btis-6-C. 

.Wo. 

Iodine 
Abwirptn 

».S.t 

FrMAcid. 

I»r™t 

per  cent. 

per«Dt. 

01ivo(Gioja) 

915-C 

79-0' 

1907 

942 

Olive   (Gioja)    atter    re- 

moviil  of  treo  ucid     ... 

3152 

79-0 

19-07 

None. 

Olive      

9148 

83-2 

18-03 

386 

'Olivo      

914-7 

80-0 

23-78 

01i*-e      

916-8 

83-1 

10-00 

5-19 

Oliw       

9160 

81-0 

19-83 

Olive  (for  iiyeing) 

015-4 

78-9 

10-00 

9-C7 

Olivo       

914-6 

80-4 

18-90 

1128 

Olive  (for  cookinc)      ... 

916-1 

10-20 

4-15 

Olive  (for  cookinif)       ... 

916-3 

81-2 

1921 

Not  done 

859-8 

52-1 

Lanl  (from  lei;)     ...     ... 

860-5 

61-3 

Lard  (from  ribs)   

8eo-G 

62-5 

Boef  fill  (fromauot)     ... 

857-2 

310 

858-2 

462 

Fatfromiaarrowofox... 

658-5 

431 

19-70 

F:it  from  bono  of  o\     ... 

859-2 

470 

19-77 

Cottoiisted    

923-6 

SC8-4 

110-1 

Cotton  scotl    

922-5 

lOG-8 

19-33 

0  27 

Linseed  (Baltic)    

Linseed  (East  Indin)    ... 

934-5 

187-7 

19-28 

931-3 

178-8 

19-28 

Liusccd  (River  Plate)  ... 

932-5 

175-5 

1907 

Linseed   

932-5 

173-3 

19-00 

076 

931-2 

168-0 

19-00 

Rape       

91(i-8 

105-6 

1763 

243 

Itajx.       

913-1 

100-7 

17-33 

Hapo       

914-3 

104-1 

17-06 

2-53 

K..l«       

915-0 

104-S 

1719 

llapo       

914-1 

100-5 

17-39 

Cattor  (comiuerpial)      ... 

OG7-9 

83-0 

18-02 

2-lG 

063-3 

__ 

17-86 

9U3-7 

17-71 

AnwUis  (coinuierci:.!)   ... 

020-0 

08  7 

19  21 

6-20 

Amchis  (Freucli  refined) 

9171 

98-4 

13-03 

0G3 

lard  oil  (iirime)    

017-0 

76-B 

880-8 

81-3 

I3'23 

AretJc8ponn(faottle-no5e) 

870-9 

821 

13-01 

Wliale  (crude  Norwegian) 

920-8 

1092 

■Wlrile_(Ho) 

910-3 

110-1 

Seal  (Norwesian) 

923-8 

152-1 

Seal  (cold drawn,  piile)... 

920-1 

145-8 

10-28 

S«vl  (ateained,  pale) 

924-4 

143-2 

18-03 

Seal  (tinged) 

925-7 

152-4 

Seal  (boiled) 

923-7 

142-8 

Meuliadcu      

931-1 

1600 

18-93 

Kewtoundland  cod 

924-9 

1600 

Scotdicod      

923-0 

1587 

Cod  liver  (medicinal)   ... 

92l!-5 

166-6 

18-51 

0-36 

Mineral 

873-6 

12-8 

Mineral 

8sn-o 

26-1 

Itosiu      

980-0 

- 

67-0 

- 

— 
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GLYOBBIN    (aLYOBBOL). 

C  »H«0''  =  92. 

§  84.  I'p  to  a  very  recent  time  no  satisfactory  niotli(xl  of 
determining  glycerin  had  been  devised,  but  the  problem  lias  now 
been  sol  veil  in  a  tolerably  satisfactory  manner.  Tlie  permanganate 
method  appears  to  have  been  originally  suggested  by  Wanklyn, 
im]^roved  by  him  and  Fox,  and  further  elaborated  by  Benedikt 
and  Zsigmondy  (Chen).  Zint.  ix.  975).  It  depends  on  the 
saponification  of  the  fat,  and  oxidation  of  the  resultant  glycerin 
by  ])ermanganate  in  alkaline  solution,  with  formation  of  oxalic 
acid,  carbon  dioxide,  and  water,  thus — 

CmH)^  4-  302  =  C-H-'O*  4-  CO*-i  +  3H'^0. 

A(|ueous  solutions  of  glycerin  may  of  course  be  submitted  to 
the  method  very  easily. 

The  excess  of  permanganate  is  destro3'ed  by  a  sulphite,  the 
liquid  filtered  from  the  manganese  precipitate,  the  oxalic  acid  then 
precipitated  by  a  soluble  calcium  salt  in  acetic  solution,  and  the 
precipitiited  calcic  oxalate,  after  ignition  to  convert  it  into  carlx)nate, 
titrated  with  standard  acid  in  the  usual  way,  or  the  oxalic 
])recipitate  titrated  with  permanganate.  The  oxalic  solution  may  be 
titrated  direct  after  addition  of  II-SO**  with  permanganate ;  but 
Allen  ami  Del  die r  have  found  this  methoil  faulty,  probably 
from  the  formation  of  a  dithionate,  due  to  the  sulphite.  On  the 
other  hand,  they  have  obtained  very  satisfactory  results  by  the 
alkalimetric  or  the  permanganate  titration,  on  known  weights  of 
pure  oxalic  acid  autl  glycerin. 

These  operators  have  also  shown  that,  in  the  case  of  dealing  with 
fats,  where  it  has  been  recommended  bv  Wanklyu  and  Fox  to 
us(j  ordinary  alcohol  as  the  solvent,  and  by  Benedikt  methyl 
alcohol,  l)oth  these  media,  especially  ethylic  alcohol,  produce  in 
themselves  a  varial.>le  quantity  of  oxalic  acid  when  treated  with 
alkaline  permanganate,  and  hence  vitiate  the  process.  Again,  if  it 
be  attempted  to  avoid  this  by  boiling  off*  the  alcohols,  there  is 
a  tlanger  of  losing  glycerin.* 

Allen's  UKithod  with  oils  and  fats  is  as  follows  : — 

10  rrm.  of  tlio  fat  or  oil  are  placed  in  a  strong  small  bottle,  to^etlrer  with 
4  ^'111.  of  pure  KHO  dissolved  in  25  c.c.  of  water.  A  solid  nib])er  stopper  is 
then  used  to  clojio  the  bottle,  and  tied  down  firmly  with  wire.  It  is  then 
l>lacod  in  boilinjf  water,  or  in  a  water  oven,  and  heate<l,  with  occiisionul 
sliakin«r,  from  G  to  10  hours,  or  until  the  contents  are  homofceneous,  and  all 
oily  jrlobules  have  <lisappeared.  When  Ha|)onification  is  complete,  the  bottle 
is  emptied  into  a  beaker  and  diluted  with  hot  water  which  should  jcive  a  clear 
solution,  the  fatty  a(rids  are  then  separated  by  dilute  acid,  filtered,  and  the 
filtrate  made  up  to  a  j^iven  volume. 

*  In  deaHug  with  waxes  or  siniilar  bodies  including  sperm  oil,  iH>tash  dissolved  in 
nictliyl  ulcohol  mnst  )>e  used  for  the  8ui)oiiification,  us  it  is  almost  imxK>68iblo  to  do  it 
with  uqiicouB  potash. 
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This  solution,  wliich  will  usually  contiiin  from  02  to  0*5  of  glycerol, 
according  to  its  orii^iu,  is  transferred  to  a  porcelain  basin  and  diluted  with 
cold  water  to  about  4<X)  c  c.  From  10  to  12  gm.  of  caustic  potash  should 
next  be  added,  and  then  a  saturated  aqueous  solution  of  potassic  permanganate 
until  the  liquid  is  no  longer  green  but  blue  or  blackish.  An  excess  does  no 
harm.  The  liquid  is  then  heated  and  boiled  for  about  an  hour,  when  a  strong 
solution  of  sodic  sulphite  should  be  added  to  the  boiling  liquid  until  all 
violet  or  green  colour  is  destroyed.  The  liquid  containing  the  precipitated 
oxide  of  manganese  is  then  poured  into  a  oOO  c.c.  flask,  and  hot  water 
added  to  15  c.c.  above  the  mark,  the  excess  being  an  allowance  for  the 
volume  of  the  precipitate  and  for  the  increased  measure  of  the  hot  liquid. 
The  solution  is  then  passed  through  a  dry  filter,  and,  when  cool,  400  c.c.  of 
the  filtnite  should  be  measured  off,  a<;idified  with  acetic  acid,  and  precipitated 
with  calcic  chloride.  The  solution  is  kept  warm  for  three  hours,  or  until 
the  deposition  of  the  calcic  oxalate  is  complete,  and  is  then  filtered,  the 
precipitate  being  washed  with  hot  water.  The  precipitate  consists  mainly  of 
calcic  oxalate,  but  is  liable  to  be  contaminated  more  or  less  with  calcic 
sulphate,  silicate,  and  other  impurities,  and  hence  should  not  be  directly 
weighed.  It  may  be  ignited,  and  the  amount  of  oxalate  previously  present 
deduced  from  the  volume  of  normal  acid  neutralized  by  the  residual  calcic 
carbonate,  but  a  preferable  plan  is  to  titrate  the  oxalate  bj'  standard 
permanganate.  Tor  this  purpose,  the  filter  should  be  pierced  and  the 
precipitate  rinsed  into  a  porcelain  bjisin.  The  neck  of  the  funnel  is  then 
plugged,  and  the  filter  filled  with  dilute  sulphuric  acid.  After  standing 
for  five  or  ten  minutes  this  is  allowed  to  run  into  the  basin  and  the  filter 
"Washed  with  water.  Acid  is  added  to  the  contents  of  the  basin  in  quantity 
sufficient  to  bring  the  total  amount  used  to  10  c.c.  of  concentrated  acid,  the 
liquid  diluted  to  about  200  c.c,  brought  to  a  tcmi)erature  of  about  60°  C, 
and  decinormal  permangjmate  added  gnidually  till  a  distinct  pink  colouration 
remains  aft^r  stirring.  Each  c.c.  of  permanganate  used  corresponds  to 
00045  gm.  of  anhydrous  oxalic  acid,  or  to0'004t)  gm.  of  glycerin.  Operating 
in  the  wa}'  described,  the  volume  of  permanganate  solution  re(iuired  will 
generally  range  between  70  and  100  c.c. 

C.  ;M  a  ago  Id  {Zeif.  f.  anrieu\  Cliem.  1891,  p.  400)  advocates 
the  reduction  of  the  excess  of  permanganate  by  hydrogen  peroxide 
in  preference  to  sodic  sulphite  a.s  used  by  Allen.  The  author 
simplifies  the  method  by  carrying  out  the  oxidation  in  the  cold. 

Process  :  02  to  0'4  gm.  of  glycerin  is  dissolved  in  about  300  c.c.  of  water, 
10  gm.  pot4issic  hydnite  and  so  much  5  per  cent,  solution  of  pennanganate 
is  added,  that  for  each  part  of  glycerin  about  seven  parts  of  permangauat^j 
are  present.  The  mixture  is  allowed  to  stand  at  ordinary  temperature  for 
half  an  hour.  Hydrogen  peroxide  is  then  addeil  until  the  liquid  is 
colourless,  well  shaken,  filled  up  to  one  liter,  500  c.c.  are  filtered  off  through 
a  dry  filter,  l)oiled  for  half  an  hour  to  destroy  the  excess  of  peroxide, 
allowed  to  cool  to  about  80"  C,  and  after  acidulation  with  dilute  sulphuric 
acid,  the  oxalic  acid  titrated  with  standard  permanganate. 

Otto  Ilehner  has  experimented  largely  on  the  estimation  of 
glycerol  in  soap  leys  and  crude  glycerins,  the  results  of  which  arc 
given  in  J.  S.  C.  I.  viii.  4.  The  volumetric  methods  recommended 
in  preference  to  the  permanganate  are  the  oxidation  with  potassic 
bichromate  or  the  conversion  of  the  glycerol  into  triacetin. 

The   Bichromate   Method. — One  part   of  glycerol  is  completely 
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converted  int/)  carbonic  acid  by  7*486  parts  of  biclironiate  in  tlio 
presence  of  sidphuric  acid.     The  solutions  recjuired  are  : — 

Standanl  Potassic  bichromate. — 74 "86  gni.  of  pure  potjussic 
bi(,"hromate  is  dissolved  in  water.  1 50  c.c.  of  concentrated  sulj >huric 
acid  added,  and  wlien  cold  diluted  to  a  liter.  1  c.c.  =0"01  gin. 
glycerol. 

A  weaker  solution  is  also  made  by  diluting  100  c.c.  of  the  strong 
solution  to  a  liter. 

These  solutions  should  be  (controlled  by  a  ferrous  solution 
of  known  strength,  if  there  is  any  doubt  about  the  purity  of  the 
bichromate. 

Solutic»n  of  double  Iron  salt. — 240  gm.  of  ferrous  ammonium 
sulphate  is  dissolved  with  50  c.r,  of  concentrated  sidphuric  aciil  to 
a  liter,  and  its  relation  to  the  standard  bichromate  must  be 
accurately  found  from  time  to  time  by  titration  with  the  latter, 
using  the  ferricyanide  indicator  (j^  37,  p.  127). 

Process :  AVitli  (ronrentmted  or  tolcnibly  ]>ure  Rain]>los  of  jiflycoriii  it  is 
only  nccessiiry  lo  take  a  siiiull  wei;^lie(l  portion,  say  02  fpu.  or  so,  dilute 
nKxlcrately,  a<kl  10  or  15  c'.o.  of  concentrated  sulphuric  acid  and  30  or  40  c.r. 
of  the  stn>n>^pr  bichromate,  jdace  the  be:iker  covered  with  a  watch  i,dass  in 
a  water  Iwith  and  <lij?est  for  two  hours;  the  excess  of  bichromate  is  then 
found  by  titnition  with  the  standard  iron  solution.  The  weaker  bichromate 
is  useful  in  com]detinj.r  the  titration  where  accunicy  is  required.  As  the 
stroni?cr  bicrhromate  and  the  iron  solution  are  both  concentrate<l,  they  must 
be  used  at  a  tempeniture  as  near  1G°  C.  as  i»ossible.  In  the  case  of  crude 
glycerin  it  nuist  l)e  purificnl  from  chlorine  or  aldehyde  <*<»m])Ounds  as 
follows:- -About  I'S  j,'m.  of  the  dilut<>d  sample  is  jdaced  in  a  lU()  c.c.  flask, 
some  moist  silver  oxide  added,  and  allowed  to  stand  10  minutes.  Basic  lead 
acetate  is  then  added  in  slij^ht  excess,  the  measure  made  u])  to  1(X)  c.c, 
filtered  throu«,di  a  dry  filter,  and  25  c.c.  or  so  dij^'esled  >\ilh  excess  of 
bichromate,  and  titrated  as  before  described. 

The  Acetin  Method. — This  method  is  diu^  to  IJcntMlikt  and 
Cantor  {Mfmafxhr/t  ix.  521),  and  recommends  itsidf  by  its 
simidicity  and  rapidity  as  comjuired  with  other  hiethods.  llehner 
has  pointed  out  tlu?  precautions  necessary  to  insure  accuracy  as 
follows : — 

Procfsn:  Al»ut  1*5  ^'m.  of  the  crude  j^lycerin  is  placed  in  a  round- 
lx)ttomed  flusk,  to;,'elher  with  7  jjrm.  of  acetic  anhydride  and  3  ^m.  of 
])erfectly  anhydrous  so<lic  acetate;  an  upripjht  condenser  is  attached  to  the 
tlask,  and  the  contents  are  heated  to  j?entle  boiling  for  one  hour  and  a  half. 
After  coolinir,  50  c.c.  of  water  are  added,  and  the  mixture  heated  until  all 
triacetin  has  dissolved.  The  solution  is  then  filtered  into  a  lar^e  flask,  the 
residue  or  filter  well  washed,  the  liquid  coole<l,  some  phenolphthalein  a<ided, 
and  the  acidity  exactly  neutndized  bv  a  dilute  solution  of  caustic  soda.  The 
triacetin  is  then  sa]>onifiod  by  adding  25  c.c.  of  an  approximately  10  i>er 
cent,  solution  of  pure  caustic  w)da  standardized  on  normal  sulphuric  or 
hydnwhloric  acid,  and  boilinj^  for  10  minute.**,  taking  care  to  attach  a  reflux 
I'ondenser  to  the  fla.'^k.  The  excess  of  alkali  is  then  titrated  back  with 
normal  acid,  each  c  c.  of  which  represents  0'03067  ^m.  of  ^dycerin. 

It  is  essential  that  the  proces.'jes  of  analysis  should  be  rapid  and 
continuous,  and  esi)ecially  that  the  free  acetic  acid  in  the  first  process  bo- 
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jiculralized  vcr^-  cautiously,  tmd  with  constant  ajjfitution  to  avoid  the  local 
action  of  alkali. 

Weak  soap  lyes  should  be  concentrated  to  50  per  cent,  of 
glycerin  if  estimated  by  the  acetin  method ;  if  not  the  bichromate 
method  must  be  used. 

For  fats  and  soaps  about  3  gm.  should  ])c  saponified  with 
iilcoholic  potiish,  diluted  with  200  c.c.  of  water,  the  fatty  acids 
^separated  and  filtered  off.  Tlie  filtrate  and  washings  are  tlien 
rapidly  boiled  to  one-half  and  titrated  with  bichromate. 

PHENOL    (CARBOLIC    ACID). 

C«H-»OII  =  94. 

§  85.  The  onlv  metho<l  claiminfj  accuracv  for  the  estimation  of 
this  substiince  volumetrically  was  originated  by  Koppeschaar 
{Z.  a.  C,  xvi.  233),  and  consists  in  precipitating  the  phenol  from 
its  aqueous  or  dilute  alcoholic  solution  with  bromine  water  in  the 
.form  of  tribroniphenol. 

The  strength  of  the  bromine  water  was  established  by 
Koppeschaar,  by  titration  with  thiosulphate  and  potassic  iodide 
with  starch. 

Allen  modifies  the  process  as  follows : — 

• 

A  certain  wcij^ht  of  the  sample  is  dissolved  in  water;  as  much  as* 
corresponds  to  CI  ^m.  of  phenol  is  taken  out  and  put  into  a  stoppered  bottle 
holdinj^  250  c.c.  Further,  to  7  c.c.  of  normal  soda  solution  (  =  0*04  j^m. 
NaOn  per  c.c.)  bromine  is  gradually  added  till  a  yellow  colour  appears  and 
remains;  the  liquid  is  then  hoiled  till  it  has  become  colourless  again.  It 
now  contains  5  molecules  of  sodic  bromide  and  1  of  sodic  bromate.  When 
completely  cooled,  it  is  put  into  the  i)henol  solution,  after  which  5  c.c.  con- 
centrated hydrochloric  acid  are  at  once  added,  and  the  bottle  stoppered  and 
shaken  for  some  time.    The  reactions  are : — 

T.    5NaBr4-NaBr03-|-6HCl-CNaCl  +  6Br+31I-0. 
1 1 .     C"U«0  -r  GBr  =  C^H^Br^O  +  3HBr. 

The  bromine  sot  free  in  the  first,  and  not  fixed  by  phenol  in  the  second 
•reaction,  must  be  still  free,  and  is  estimated  hy  adding  potassic  iodide  and 
titrating  the  iodine  liberated,  by  y^^  thiosulpliate :  — 

III.    2KI  +  Br=-2KBr+2l. 
IV.    l-+2Na-S-0'''  =-  Ma-S*0«+2NaI. 

Por  this  purpose  the  bottle  is  allowed   to  stand  for  15  or  20  minutes; 

:a  solution  of  about  l'2r)  gm.  potassic  iodide  (free  from  iodate)  is  added,  the 
bottle  is  stoppered,  shaken  up,  and  allowed  to  rest.  Its  contents  are  now 
poured  into  a  l>eaker ;  the  bottle  is  rinsed  out,  a  little  starch  solution  is  added, 

•and  thiosulphate  is  run  in  from  a  burette  till  the  blue  colour  is  iroue.  (It 
will  be  best  not  to  add  the  starch  till  the  colour  of  the  lii^uid  has  diminished 
to  lij,dit  yellow.)  The  calculation  is  made  as  follows : — 7  c.c.  of  normal  soda 
solution  ueutrjilize  0'5G  gm.  of  bromine,  all  of  which  is  liberated  by  HCl. 
0*1  ^m.  phenol  would  require  0406S  and  leave  a  surjilus  of  0*1532  ^^m.;  the 
latter  would  lil>erate  enough  iodine  to  sjiturate  ]9'5  c.c.  of  {^  thiosul])hate. 
Ever\'  c.c.  of  thiosulphate  used  aver  and  above  this  indicates  000197  gm. 

•impurities  in  0"1  gm.  of  the  sample— tbaX  is,  1*27  per  cent. 
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If  a  nuiii])er  of  estimations  have  to  be  made  at  one  time,  it 
would  seem  decidedly  preferable  to  adopt  Koppeschaar's  original 
method,  rather  than  to  prepare  special  bromine  solution  as  above. 
For  the  estimation  of  phenol  in  raw  products,  Tiith  {Z,  a.  C 
XXV.  160)  modifies  the  bromine  process  as  follows  : — 

20  c.c.  of  the  impure  carbolic  acid  are  placed  in  a  beaker  with  20  c.c.  of 
caustic  pota^sh  solution  of  1'3  sp.  gr.,»well  shaken,  and  allowed  to  stand  for 
half  an  hour,  then  diluted  to  about  i  liter  with  wat<?r.  By  this  treatment 
the  foreign  impurities  are  set  free,  and  may  mostly  be  removed  by  filtration  ; 
the  filter  is  washed  with  warm  water,  imtil  all  alkali  is  removed.  The 
filtrate  and  washings  are  acidulated  slightly  with  HCl,and  diluted  to  3  lit-ers. 
53  c.c.  are  then  mixed  with  150  c.c.  of  standard  bromine  solution,  and  then 
5  c.c.  <?onceutrated  HCl.  After  twenty  minutes,  with  frequent  shaking, 
10  c.c.  of  iodide  solution  are  added,  mixed,  and  allowed  to  rest  three  to  five 
minutes,  then  starch,  and  the  titration  with  thiosulphate  carried  out  as  usual. 

Example :  20  c.c.  raw  carbolic  oil  were  treated  as  above  described.  50  c.c. 
of  the  solution,  with  ]50  c.c.  bromine  solution  (made  by  dissolving  2*04  gm. 
sodic  bromate  and  G'959  gm.  sodic  bromide  to  the  liter),  then  5  c.c.  of  HCl, 
required  17'8  c.c.  of  thiosulphate  for  titration.  The  150  c.c.  bromide 
=  0*237  gm.  Br.  The  17*8  c.c.  thiosulphate  required  for  residual  titration 
^=  0052  gm.  Br,  leaving  0185  gm.  Br  for  combination  with  the  phenol. 
According  to  the  equation — 

C«IP0H+8Br-  =  3HBr+C«H20HBr». 

One  mol.  phenol  —  3  mol.  Br,  hence  the  i>ercentage  of  phenol  was  10'86. 

Kleinert  (Z.  a.  C.  xxxiii.  1)  suggests,  and  his  experiments 
appear  to  prove,  that  in  titrating  acid  creosote  oil  by  Koppeschaar's 
method  for  jdienol,  a  serious  error  occurs  in  virtue  of  such  oil 
contiiining  substances  of  higher  boiling-i)oint  than  phenol,  which 
are  soluble  in  water,  and  behave  with  bromine  in  the  same  manner 
as  true  pluuiol. 

^leissinger  and  Wortmann  {Phana,  Zeit.  /.  liusttland 
xxix.  759)  describe  a  method  of  estimating  phenol  based  on  the 
fact,  that  iodine  combines  with  ])henol  in  alkaline  solution,  in 
the  pi*oportion  of  6  atoms  I  to  1  mol.  phenol. 

Troceitn ;  2  to  3  gm.  phenol  are  dissolved  in  caustic  soda  solution  (3  c<j. 
NuHO  to  1  cq.  phenol)  and  made  u])  to  500  c.c.  with  water;  10  c.c.  of  this 
are  placed  in  a  flask,  warmed  to  60"  C.,  and  ^^  iodine  added  until  the  solution 
is  faintly  yellow,  with  fonnation  of  a  red  precipitate.  When  cold,  the 
.•solution  is  aoi<lifio<l  with  dilute  II^SO*,  made  up  to  500  c.c.  and  filtered.  In 
I(K>  c.c.  of  the  filtrate,  the  excess  of  I  is  titrated  with  ^j^  thiosulphate;  this 
amount,  detlucted  from  the  total  I  used,  gives  the  amount  abjtorbed  by 
]»hcnol,  which,  when  multiplied  by  0*123518,  gives  amount  of  phenol  in  the 
sample. 

CARBON    DISXJLFHIDB    AND    THIOOASBOKATES. 

CS2=76. 

S  86.  For  the  purpose  of  estimating  carbon  disulphide  in 
the  air  of  soils,  gases,  or  in  thiocarbouatcs,  (Jastine  has  devised 
the  following  process  {CoinpL  Reml,  xcviii.  1588) : — 
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• 

The  ^8  or  vajiour  to  be  tested  is  carefully  dried,  and  then  passed  through 
a,  concentrated  solution  of  recently  fused  potassic  hydroxide  in  abnolute 
alcohol.  The  presence  of  even  tnvces  of  water  seriously  diminishes  the 
delicacy  of  the  reaction.  The  alcoholic  solution  is  afterwards  neutralized 
with  acetic  acid,  diluted  with  water,  and  tested  for  xanthic  acid  by  adding 
copper  sul]>h!itc. 

In  order  to  determine  the  distribution  of  carbon  bisulphide  introduced 
into  the  soil,  250  c.c.  of  the  air  in  the  soil  is  drawn  by  means  of  an  aspirator 
through  sulphuric  acid,  and  then  throu^'h  bulbs  containing  the  alcoholic 
potash.  Por  quantitative  determinations,  a  larger  quantity  of  air  must  bo 
used,  and  the  xanthic  acid  formed  is  estimated  bv  means  of  the  reaction 
2C3H«OS'-+I-  =  2C»HSOS2+2HI.  The  alkaline  solution  is  slightly  acidified 
with  acetic  acid,  mixed  with  excess  of  sodic  bicarbonate,  and  titrated  in  the 
usual  way  with  a  solution  of  iodine  containing  1*68  gm.  per  liter,  1  c.c.  of 
which  is  equivalent  to  1  m.gm.  of  carbon  bisulphide. 

To  apply  this  method  to  thiocarbonate*!,  about  1  gm.  of  the  substance, 
together  with  about  10  c.c.  of  water,  is  introduced  into  a  small  flask  and 
decomposed  by  a  solution  of  zinc  or  copper  sulphate,  the  flask  being  heated 
on  a  water  bath,  and  the  evolved  carbon  bisulphide  passed,  first  through 
sulphuric  acid,  and  then  into  alcoholic  potash.  In  the  case  of  gaseous 
mixtures  of  carbon  bisulphide,  nitrogen,  hydrogen  sulphide,  csirbonio 
anhydride,  carbonic  oxide,  and  A^-ater-vapour,  the  gas  is  passed  through 
a  strong  aqueous  solution  of  potash,  then  into  sulphuric  acid,  and  finally  into 
alcoholic  potash.  The  thiocarbonate  formed  in  the  first  flask  is  decom^wsed 
by  treatment  with  copper  or  zinc  sulphate  as  above,  and  the  xanthic  acid 
obtained  is  added  to  that  formed  in  the  third  flask,  and  the  whole  titrated 
with  iodine. 

Another  nKjthocl  available  for  technical  purposes,  such  as  the 
comparative  estimation  of  CS-  in  coal  gas,  or  in  comparing 
sanii)les  of  thiocarhonates,  is  as  follows  : — 

The  liquid  or  other  substance  containing  the  disulpliido  is  added  to 
strong  alcoholic  potash,  or  gas  containing  the  CS-  is  ]»assed  slowly  through 
the  alkahno  absorbent.  Th.e  disul])hide  luiitos  with  the  potassic  ethylate  to 
form  ])otassic  xanthate.  The  liquid  is  neutralized  with  acetic  acid  and  the 
xauthato  is  then  estimated  by  titrating  with  a  standard  solution  of  cupric 
sulphate  (1247  gm.  per  liter),  until  an  excess  of  copper  is  found  by  potassic 
ferrooyanide  used  as  an  external  indicator.  EivAi  c.c.  of  copper  solution 
represents  U'UOTO  :;m.  CS-. 
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APPENDIX   TO   PART  Y. 

Addition  fo  §  22. 

Boric  Acid  in  Milk. — R.  T.  Tliomson  {(rlaagow  City  Anal,  Soc. 
Jtcpfs.y  1895,  ]).  3).  One  to  two  gm.  of  sodic  hydrate  are  added  to 
100  c.c.  of  milk,  and  the  whole  evaporated  to  dryness  in  a  jJatinum 
dish.  The* residue  is  thoroughly  charred,  heated  with  20  c.c.  of 
water,  and  hydrochloric  acid  added  drop  hy  drop  until  all  but  the 
rarlM)n  is  dissolved.  The  whole  is  transferred  to  a  100  c.c.  ilask, 
the  bulk  not  l)eing  allowed  to  get  al»ove  50  or  60  c.c,  and  0*5  gni. 
dry  calcium  chloride  added.  To  this  mixture  a  few  drops  of 
phenolphthalein  solution  are  added,  then  a  10  per  cent  solution  of 
caustic  soda,  till  a  permanent  slight  pink  colour  is  perceptible,  and 
iinaJly  25  c.c.  of  lime-water.  In  this  way  all  the  P*-0^  is 
precipitated  as  calcic  j)hosphate.  The  mixture  is  made  up  to  100 
c.c,  thoroughl}'  mixed  and  filtered  through  a  dry  filter.  To  50  c.c. 
of  the  filtrat(»  (equal  to  50  gm.  of  the  milk)  normal  sulphuric  acid 
is  added  till  the  pink  colour  is  gone,  then  methyl  orange*,  and  the 
addition  of  the  acid  continued  mitil  the  yellow  is  just  changed  to 
j>ink.  ^  caustic  soda  is  now  added  till  the  liquid  assumes  the 
yellow  tinge,  excess  (»f  soda  being  avoided.  At  this  stage  all  acids 
likely  to  be  present  exist  as  salts  neutral  to  ]>henolphthalein,  except 
l)oric  acid  (which,  being  neutral  to  methyl  orange,  exists  in  the 
free  condition),  and  a  little  carbonic  acid,  which  is  cxi»elled  by 
l>oiling  for  a  few  minutes.  The  solution  is  cooled,  a  little 
phenolphthalein  achled,  and  as  much  glycerin  as  will  give  at  least 
30  per  cent  of  that  .substince  in  the  solution,  and  titrated  with  J 
caustic  soda  till  a  distinct  permanent  pink  colour  is  produced  ;  each 
c.c.  of  the  soda  is  eijual  to  0*0124  gm.  crystallized  boric  acid. 
A  series  of  ex])eriments  with  this  process  showed  that  no  In^ric 
jicid  wjis  precipitat<v.l  along  with  the  phosphate  of  lime  so  long  as 
the  solution  operated  uj^on  did  not  contiin  more  than  0*2  per  cent 
of  crystallized  boric  acid,  but  when  stronger  solutions  were  tested, 
irregular  results  were  obtiined.  The  charring  of  the  milk  is  apt 
to  drive  off  lK)ric  acid,  but  by  carefully  carrying  the  inc'ineration 
onlv  so  far  as  is  necessarv  to  secure  a  residue  which  will  yield 
a  colourle-HS  solution,  no  appreciable  loss  occurs. 

Add  it  inn  to  %  M , 

The  Estimation  of  ArBesic  Acid  in  Arsenates. — A.  Williamson 
{Journal  of  the  Soriett/  of  Dt/ers  and  Colonrids^  May,  189G)  luis 
devised  the  following  ready  method  as  being  applicable  to 
<'ommercial  arsenates,  and  has  made  use  of  the  reaction  which 
takes  place  between  arsenic  xiud  hjdriodic  acids  in  strong  acid 
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solution.     Under  these  circumstances  arsenic  acid  is  quantitatively 
reduced  Avitli  liberation  of  iodine.     The  reaction  is 

As^O^  +  4III  =  As'-^O^  +  2H20  +  41. 

It  was  found  that  the  reduction  is  only  complete  in  strongly  acid 
solution,  and  if  such  a  solution  be  diluted  the  reverse  reaction 
tiikes  place  to  a  certain  extent,  a  portion  of  the  arsenious  l>econiing 
oxidized  to  arsenic  acid.  The  iodine  may,  however,  be  estimated 
liefore  dilution,  by  means  of  thiosulphate,  and  in  the  alienee  of 
other  l)odies  capable  of  liberating  iodine  it  may  be  taken  as 
a  measure  of  the  arsenic  acid.  The  acid  solution  may  then  be 
ncmtralized,  and  the  arsenite  titrated  with  iodine.  This  serves  as 
a  check  on  the  thiosulphate  titration. 

The  reduction  may  l)e  effected  either  in  hydrochloric  or  sulphuric 
acid  solution,  but  in  either  case  a  considerable  excess  of  acid  must 
be  present,  otherwise  the  reduction  is  incom[)lete. 

Example:  A  standard  solution  of  arsenate  of  soda  was  prepared  by 
oxidizing  4'95  gni.  of  arsenious  oxide  with  nitric  acid,  evaporating  to  dryness 
on  the  water  hath,  neutralizing  with  sodic  carbonate,  and  diluting  to  one 
liter.  25  o.c.  of  this  standard  were  then  treated  with  3  gro.  potassic  iodide 
and  25  o.c.  of  hydrochloric  acid,  sp.  gr.  1*16,  and  the  liberated  iodine  titrated, 
with  thiosulphate .♦ 

The  decolorized  solution  was  then  neutralized  with  sodic  carbonate,  and 
after  the  addition  of  bicarboiiato,  was  titrated  with  iodine.  The  arsenic 
acid  calculate  from  the  thiosulphate  was  99*6,  and  from  the  iodine  I00'2, 
instead  of  100.  To  ensure  complete  reduction  in  the  cold,  the  solution  must 
contain  one- half  its  volume  of  hydrochloric  acid  and  the  quantity  of  potassio 
iodide  mentiono<l.  With  less  quantities  than  these,  there  is  a  danger  of  the 
reduction  not  being  immediately  complete.  The  amount  of  thiosulphate 
consumed  agrees  very  well  with  the  arsenite  found  in  the  neutralized 
solution  by  titration  with  iodine. 

As  commercial  sodic  arsenate  usually  contains  some  nitrate, 
experiments  were  made  to  ascertain  whether  the  presence  of  this 
salt  interferes  with  the  accuracy  of  the  thiosulphate  titration. 
A  i)ure  solution  of  arsenate  was  prepared  as  before,  and  1  gm.  of 
sodic  nitrate  added.  25  (;.c.  of  this  solution  were  then  treated 
with  ])otiissic  iodide  and  hydrochloric  acid,  and  the  iodine  titrated 
with  thiosulphate,  as  before.  The  arsenic  acid  calculated  from  the 
thiosulphate  consumed  was  100*3,  instead  of  100.  It  is  evido^it 
that  the  presence  of  nitrate  causes  little  or  no  liberation  of  iodine 
in  the  cold,  but  if  the  arsenate  is  digested  with  hydrochloric  acid 
and  potassic  iodide  in  a  closed  bottle  immersed  in  l)oiling  water, 
the  iodine  liberated  is  considerably  in  excess  of  that  corresponding 

*  A  brown  precipitate  falls  on  adding  this  quantity  of  acid,  biit  it  dissolves  as  the 
solution  becomes  diluted  by  titration  with  thiosulphate.  The  amount  of  thiosulphate 
required  to  decolorize  the  small  quantity  of  iodine  liberated  by  mixing  the  same  weight 
of  potassium  iodide  and  hydrochloric  acid  under  the  same  conditions  was  subtracted. 
It  is  advisable  not  to  have  the  solution  of  arsenate  strongrer  than  decinormal,  or  the 
dilution  conseiiuent  on  titrating  with  thiosulphate  may  cause  the  reverse  reaction  to 
take  place  to  a  slight  extent,  and  the  result  would  come  out  too  low.  The  solution 
should  be  quite  cold  before  titrating  the  iodine. 
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to  the  arsenic  aeiJ.  In  tliis  cose,  the  (quantity  of  thiosiil[>hato 
consumed  is  of  no  vaUie.  The  arsenic  can,  however,  be  accurately 
estimated  by  titrating  the  arsenite  after  the  iodine  lias  Iwen 
decolorized. 

Instead  of  hydrochloric  acid,  15  c.c.  of  a  mixture  of  sulphuric 
arid  and  water,  in  equal  volumes,  may  ]>e  used.  Since  the 
addition  of  sulphuric  acid  causes  the  solution  to  become  slightly 
heated,  it  is  cooled  before  titrating  the  iodine.  The  results  are 
practically  the  same  as  with  hydrochloric  acid. 

Not  less  than  3  gm.  jwtassic  iodide  should  be  added,  or  comjilete 
reduction  is  not  immediately  effected.  The  presence  of  small 
(piantitics  of  nitrate  does  not  interfere  with  the  accuracy  of  the 
thiosulphate  titration.  Complete  reduction  can  be  brought  ab(>ut 
with  2  gm.  potassic  iodide  and  10  c.c.  of  sulphuric  acid,  if  the 
solution  is  heated  for  five  minutes  on  the  steam  bath.  A  portion 
of  the  iodine  volatilizes,  Imt  no  arsenic  is  lost.  The  iodine  is 
exactly  decolorized  with  thiosulphate,  the  solution  neutralized  and 
titrated  with  iodine  in  the  ordinary  manner. 

Procetn  with  Cf>mmercial  Artenate  of  Soda  :  10  ffm.  are  dissolved  to  1 
liter,  and  the  arsenic  acid  in  25  c.c.  estimated  by  one  of  the  methods  g'ivon 
above.  The  thiosulphate  titration  only  records  the  arsenic  previously 
existing  as  arsenic  acid.  The  small  proportion  of  As-O'  which  usually  exists 
is  ascertained  bv  direct  titration.  When  this  is  calcidated  to  arsenic  a<'id,  an<l 
added  to  that  found  by  thiosulphate,  the  results  approximate  very  closely  to 
those  found  by  titrating  the  arsenite. 

Estimation  of  Arsenic  in  presence  of  Tin. — If  both  these  elements 
are  present  in  the  lower  state  of  oxidation,  the  tin  may  be  oxidized 
with  iodine  in  strong  acid  solution,  the  arsenic  being  unaffected. 
Rochelle  salt  is  then  added,  the  solution  neutralized,  and  the 
arsenite  titrated  with  i( Kline. 

Example:  25  c.c.  of  ^q  sodic  arsenite  were  mixed  with  25  c.c.  of  hydro- 
chloric :u!i<l,  and  3  ^on.  stannous  chloride  added.  The  tin  was  then  exactly 
oxidized  with  standard  iodine,  and  the  an»enic  titrated  in  the  alkaline 
solution,  249  c.c.  of  j'V  iodine  were  required. 

If  they  are  [)resent  in  the  highest  state  of  oxidation,  the  arsenic 
mny  be  reduced  by  one  « >f  the  methods  given  under  the  estimatioif 
of  arsenic  acid.     The  stannic  salt  is  not  affected. 

It  is  thus  possible  to  estimate  the  arsenic  in  a  mixture  of 
arsenate  and  stannate  of  soda.  In  presence  of  a  considerable 
(piantity  of  tin,  however,  the  complete  reduction  of  the  arsenic 
acid  is  not  effected  (juito  as  readily  as  when  tin  is  al>sent.  Tlio 
following  method  has  given  good  results : — 

4  or  5  «;m.  of  the  mixture  are  dissolved  in  as  small  a  quantity  of  HCl  as 
pos<<iblc,  an  c<iual  weight  of  tartaric  acid  is  dissolved  in  the  solution,  which 
18  then  diluted  to  250  c.c.  (If  the  tartiric  acid  is  not  added  a  precipitate 
forms  on  dilution  which  contains  both  tin  and  arsenic).  25  c.c.  of  this 
solution  are  then  mixed  with  8  gm.  potafesic  iodide  and  25  c.c.  UCl,  sp.  gr. 
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1'16,  atid  the  solution  heated  ou  the  steam  bath  for  two  or  three  minutes  to 
ensure  tlie  complete  reduction  of  the  arsenic  acid.  The  liberated  iodine  is 
exactly  decolorized  with  thiosulphate,  and  the  arsenic  estimated  by  titration 
with  iodine  in  the  neutralized  solution.  A  mixture  of  arsenate  and  stannate 
in  equal  quantities  and  containing  a  known  percentage  of  arsenic  gave 
28*57  instead  of  28*75  per  cent,  of  arsenic  acid. 

Addition  /o  §§  54,  55. 

Mixtures    of    Chlorides,    Hypochlorites,    and    Chlorates. — It    is 

known  that  chlorine  acting  upon  alkaline  and  alkaline-earthy 
hydrates  gives  rise  to  chlorides,  and  at  the  same  time  to  chlorates, 
or  to  hypochlorites,  accoitling  as  the  temperature  and  the  con- 
centration arc  higher  or  lower.  In  average  conditions  the  three 
kinds  of  salts  are  formed  simultaneously. 

A  mixture  of  the  same  salts  is  produced  if  solutions  of  sodic 
chloride  are  submitted  to  electrolysis,  according  to  the  j)roce8ses 
recently  tric(l  for  the  manufacture  of  free  chlorine  and  of  caustic 
soda,  or  of  cldorates  or  hypochlorites. 

In  these  various  (;ases  it  is  of  great  industrial  importance  to 
determine  easily  the  proportion  of  each  of  the  salts  i)resent. 

For  the  analysis  of  such  a  mixture  of  salts,  the  subjoined 
method  is  recommended  as  at  once  expeditious  and  accurate.  All 
tlie  determinations  are  performed  successively  upon  one  and  the 
same  specimen  of  the  saline  solution  (A.  Carnot,  ComjA,  Reiul. 
cxxii.  449). 

Procet* :  1.  The  mixture  of  h^'pochlorite,  chlorate,  and  chloride  taken 
from  the  solution  of  clectrolyzcd  sodic  chloride,  or  from  the  liquid  obtained 
on  lixiviating  chloride  of  lime,  is  poured  into  a  test-glass.  There  is  then  run 
into  it  from  a  burette  a  standard  solution  of  alkaline  arsenite,  prepared  as 
usual,  until  the  hypochlorite  is  completely  reduced.  To  find  the  exact 
moment  when  the  reduction  is  completed,  a  drop  of  the  liquid  is  ])laced 
upon  a  porcelain  plate  in  contact  with  a  drop  of  solution  of  potas^ic  iodide 
and  starch. 

On  the  mixture  of  the  two  drops  there  appears  a  blue  colour  as  long  as 
there  remains  any  hj-pochlorito  not  reduced.  As  soon  as  the  mixture  cciises 
to  become  coloured,  the  vohime  of  the  arsenite  liquid  is  noted,  and  the 
])ro])ortiou  of  hypochlorite  or  hypochlorous  acid  which  has  transformed  it 
into  arsenic  acid  is  obtained ;  or,  consequently,  that  of  the  corresponding 
chlorine. 

As^O^ + CaCl^O'^ = As^O* + CaCP, 
or 

As-aH2NaC10  =  AsW+2NaCl. 

2.  The  liquid  (which  now  contains  merely  chlorate  and  chloride)  is 
slightly  acidified  with  sulphuric  acid,  and  a  quantity  of  ammonium -ferrous 
sulphate  added,  at  least  twenty  times  of  that  of  the  supposed  chlorates. 
Heat  to  about  lOO**,  adding  in  small  successive  quantities  5  c.c.  of 
sulphuric  acid  diluted  with  15  c.c.  of  water.  It  is  best  to  use 
a  tap-funnel,  lettiu'^  the  acid  fall  in  drop  by  drop.  After  having  stoppered 
the  vessel,  to  avoid  contact  of  air,  it  is  allowed  to  cool  for  a  short  time,  and 
the  excess  of  ferrous  salt  is  then  titrated  with  ])ermanganate.  As  the 
quantity  of  ferrous  salt  which  was  introduced,  is  known,  by  difference  the 
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quantity  which  has  been  peroxidized  at  the  expense  of  the  chlorate  reduced 
to  the  state  of  chloride  is  found. 

NaClOH  GFeO  =  NaCl  +  Fe=0\ 

It  is  thus  etisy  to  calculate  the  proportion  of  chlorate  or  of  chloric  acid, 
or  the  corrospondin;>f  quantity  of  chlorine. 

3.  The  total  chlorine,  whi<'.h  is  now  entirely  preseiit  in  the  state  of 
chloride,  is  detcnnined  as  follows : — The  rose  tint  produced  In'  the 
pennanuiujate  is  removed  by  adding'  a  trace  of  ferrous  sulphate,  cr^'stalHzed 
or  in  solution.  Then  add  a  measured  volume  of  silver  nitrate,  more  than 
cnoui^h  to  precipitate  all  the  chlorine,  and  determine  the  excess  of  the 
silver  salt  by  means  of  standard  thiocvanato  (^  43\  The  ferric  salt 
previously  formed  by  the  peroxidation  of  the  ferrous  salt  serves  as  an 
indicator,  by  j^nwlucin;^  a  permanent  red  colouration  as  soon  as  there  is  no 
more  silver  salt  to  pre<Mpitate.  The  arsenic  acid  pro<lu<*^d  in  the  first 
oi)eration  does  not  interfere  in  the-least. 

In  order  to  avoid  the  use  of  too  largo  a  (piantity  <»f  silver  nitrite,  whiidi 
would  be  necessary  on  account  of  the  lar^e  pro]K)rtion  of  chlorine  to  bo 
proci]»ituted,  an  aliquot  part  of  the  solution  may  be  taken. 

The  chlorine  found  in  the  state  of  a  chloride  in  the  orij^inal  liquid  is 
easil}'  calculattHl  by  dodiictinj?  from  the  total  chlorine  just  determined  the 
two  (juantities  alrea<ly  found  in  the  state  of  hj'pochlorito  and  of  chlorate. 

The  three  oi>enitions  succeed  each  other  without  interruption,  and  witli- 
out  separate  ])reparation,  and  are  completed  in  a  short  time. 

In  a  number  of  ex]>eriments  with  mixtures,  the  discrepancies  found 
between  the  experimental  results  and  the  calculated  numbers  rareh'  reached 
1  m.gm.  when  operating  upon  from  250  to  500  m.gm. 

AthJifioriif  to  ^  r)4r  a7ifl  70. 

The  lodometric  Estimation  of  Chloric  and  Nitric  Acids. — The 
following  methods  by  McCfOwan  {J.  C.  S.  Ixix.  030,  anil  J.  C.  S. 
Ixi.  ^<7)  clopcntl  on  the  jirinciple  that,  when  a  fairly  concenti*ati*d 
solution  of  a  nitrate  or  chlorate  i.s  warmed  with  an  excess  of  pure, 
strong  hydrochloric  a(;i(l,  a  nitrate  is  complet<dy  d(icom[)osed,  and 
th(i  [iroduction  of  nitrosyl  chloride  and  chlorine  is  ([uantitative, 
the  reaction  being 

HXO'  +  3HC1=N0C1  +  Cr-  +  2H'^(). 

If  the  operation  is  conducted  in  an  atmosphere  of  carbonic  acid, 
and  the  escaping  gases  are  i>assed  through  a  solution  of  potassic 
iodide,  an  amount  of  iodine  is  liberated  exactly  equivalent  to  tlie 
whole  of  the  chlorine  present  (free  and  comhmed),  nitric  oxide 
escaping.  I  mol.  of  nitric  acid  thus  yields  3  atoms  of  chlorine 
or  iodine.  The  iodine  can  tlien  he  titmted  in  the  usual  manner 
with  thiosulj»hate.  With  chlorates  only  chlorine  is  evolved. 
l)e  Koninck  and  Nihoul  (Zf'if.  /iir  arif/etr.  Chen/,  August  15, 
1890)  giv(;  details  of  a  [)rocess  depending  upon  the  .same  principle. 

Proopsnfoi'  Nitraten.  It  is,  of  course,  absolutely  essential  that  air  should 
be  completely  excluded  from  the  appanitus,  as,  if  any  were  jirosent,  the 
es<;aping  nitric  oxide  would  bo  re-oxidized  to  nitrogen  trioxide  or  tetroxide, 
and  this  would  in  its  turn  liberate  a  further  quantity  of  iodine  from  the 
iodide  solution. 
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The  apparatus  required  is  very  simple,  and  can  readily  be  made  by  any 
one  moderately  expert  at  glass-blowinj:.  The  main  point  to  be  attended  to 
is  to  have  no  corks  or  rubber  stoppers,  &c.,  for  the  escaping  chlorine  to  act 
upon.  Yi^.  53  is  a  sketch  of  the  apparatus :  the  condensing  arrangement 
for  the  chlorine  does  its  work  perfectly,  and  may  therefore  be  used  with 
advantage,  not  only  for  this,  but  also  for  other  similar  methods  in  which 
iodine  is  set  free.  The  measurements  given  are  those  of  the  apparatus  as 
used  by  the  author. 

^  is  a  small,  round-bottomed  fl'isk,  into  the  neck  of  which  a  glass  stopper, 
iT,  is  accurately  ground  (with  fine  emery  and  oil).  The  capacity  of  the 
bulb  is  about  46  c.c,  and  the  length  of  the  neck,  from  x  to  ,y,  90  m.m. 
The  first  condeikser  is  a  simple  tube,  slightly  enlarged  at  the  foot  into  two 
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small  bulbs.  The  lci>gth  from  a  to  b  is  3(X)  m.m.,  from  6  to  c  180  m.m.,  and 
from  e  to  /  3(J  m.m.  The  capacity  of  the  bulb  JB  is  25  c.c,  and  the  total 
capacity  of  the  two  bulbs  and  tube,  up  to  the  top  of  C,  41  c.c.  This 
condenser  is  immersed,  up  to  the  level  of  r,  in  a  l)oaker  of  water.  D  is 
a  Geissler  bulb  apparatus,  and  £  a  chloride  of  calcium  tube,  filled  with 
broken  glass,  which  acts  as  a  tower,  ff  is  a  small  funnel,  attached  by  rubber 
and  clip  to  the  branch  tube  /*.  Between  the  tube  i  and  the  wash-bottle 
for  the  carbonic  acid  is  placed  a  short  piece  of  glass  tubing,  jt,  containing 
a  stri])  of  filter  paper,  slightly  moistened  with  iodide  of  starch  solution. 
This  tube  *  is  resilly  hardly  necessary,  as  no  chlorine  escapes  backwards 
if  a  mo<lerate  current  of  ciirbonic  acid  is  kept  passing,  but  it  serves  as 
a  check.  The  joints  p  and  q  are  of  narrow  rubber  tubing.  The  joint  o 
is  made  by  grinding  one  tube  into  the  other,    k  is  the  outlet  tub.\ 

The  oy)erdtion  is  performed  in  the  following  manner: — The  evolution 
flask  is  washed  and  thoroughly  dried,  and  the  nitrate  (say  about  0*25  gm. 
of  potassic  nitrate)  is  tapped  into  it  from  the  weighing  lube.     1  to  2  c.c. 
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of  water  arc  now  added,  and  the  bulb  is  ffently  warmetl,  so  as  to  brin^f  the 
nitrate  into  soltition,  after  which  the  Htopi>er  of  the  flank  is  firmly  inserted 
into  it.  About  15  c.c,  or  so,  of  a  solution  of  potassic  iodide  (1  in  4)  are 
run  into  the  first  condensing  tube,  any  iodide  adhering  to  the  upper  portion 
of  the  tube  }mn^  washed  down  with  a  little  water,  and  5  c.c.  of  the  same 
solution,  mixed  with  8  to  10  c.c.  of  water,  are  sucked  into  the  Geissler 
bulbs,  whilst  the  ^lass  in  tower  J?  is  also  thoroughly  moistened  with  the 
iodide.  The  Geissler  bulbs  should  be  so  arranged  that  jja-s  only  bubbles 
through  the  list  of  them,  the  liquid  in  the  others  remaining  (|uiespent. 

All  the  joints  havinji^  been  made  tij^ht,  the  CO^  is  tunie<l  on  briskly,  and 
.passed  thn>UKh  the  a])i)anitus  until  a  small  tubeful  collected  at  I,  over  caustic 
]>otash  solution,  shows  that  no  appreciable  amount  of  air  is  left  in  it.  The 
small  outlet  tube  /  is  now  replaced  by  a  chloride  of  calcium  tube,  filled  with 
bn>ken  glass  which  has  l)een  moistened  with  the  above  iodide  solution,  and 
closed  by  a  cork  through  which  an  outlet  tube  passes,  the  object  of  this 
**tnip"  tube  being  to  prevent  any  air  getting  back  into  the  apparatus; 
an<l  the  brisk  current  of  CO-  is  (continued  for  a  minute  or  two  longer,  so 
as  to  ])ractically  expel  all  the  air  from  this  hist  tul>e.  The  stream  of  gas  is 
now  stopped  for  an  instant,  and  about  16  c.c.  of  pure  concentrated  hydro- 
chloric acid,  free  from  chlorine,  run  into  A  through  the  funnel  ff  (into  the 
tulie  of  which  it  is  well  to  have  run  a  few  drops  of  water  before  beginning  to 
expel  the  air  fmm  the  appanitus),  and  A  is  shaken  so  as  to  mix  its  contents 
thoroughly.  A  slow  current  of  CO-  is  now  again  tunied  on  (1  to  2  bubbles 
through  the  wash-bottle  i)er  socon<l),  and  A  is  gently  warmed  over  a  burner. 
It  is  a  distinct  advantige  that  the  reaction  does  not  begin  until  the  mixed 
solutions  are  warmed,  when  the  liquid  be<!omes  orange-wdoured,  the  colour 
again  disappearing  aft^r  the  nitrosyl  chloride  and  chlorine  have  been  expelled. 
The  warming  should  be  verj'  gentle  at  first,  in  onler  to  make  sure  of  the 
conversion  of  all  the  nitric  acid,  and  also  because  the  first  escaping  vapours 
are  relativclv  very  rich  in  <'.hlorine ;  afterwards  the  liquid  in  A  is  briskly 
l)oiled.  A  very  little  practice  enables  the  operator  to  judge  as  to  the  i»roi)er 
rate  of  wanning.  When  the  volume  of  lnjuid  in  A  h:is  been  r(»<luce<l  to 
about  7  c.c,  or  so  (by  which  time  it  is  again  colourless),  the  stream  of  CO- 
is  slightly  (]uickcne<l,  and  the  apparatus  allowed  to  cool  down  a  little.  The 
burner  is  now  set  aside  for  a  few  minutes,  and  2  (\c.,  or  so,  more  of  hy<lro- 
cliloric  acid,  previously  warme<l  in  a  test-tube,  run  in  gently  through  ,g  ; 
there  is  no  fear  either  of  the  iwlide  solution  ninning  back,  or  of  any  bubbles 
of  air  os<*uping  through  //,  if  this  is  done  carefully.  This  is  a  precautionary 
mejisuro,  in  <*as4>  a  trace  of  the  liberated  chlorine  might  have  lodged  in  the 
companitivel}'  (^ool  n((uid  in  tube  A.  The  CO"  is  (uice  more  turned  on 
slowly,  and  the  li<|uid  in  A  is  l)oileil  again  until  it  is  reduced  to  ab<mt  5  c.c. 
It  is  now  only  nwcssarv  to  allow  the  apjmratus  to  ctnd  down,  passing  C-O- 
all  the  time,  after  whidi  the  contents  of  the  condensers  are  tninsferro<l  to 
a  flask  and  titnito<l  with  thiosul]diate.  At  the  end  of  a  j)roperly  conduc^ted 
experiment,  the  glass  in  the  uj)per  part  of  tower  ^shouhl  be  quite  colourless, 
anil  there  should  only  be  a  mere  trace  of  iodine  showing  in  the  lower  j)art 
of  the  tower,  while  tlie  liquid  in  the  last  bulb  of  the  Geissler  appanitus 
ought  to  Ix)  only  i)ale  yellow.  During  the  operation,  the  stopper  of  A  and 
the  various  joints  can  be  tested  for  tightness  from  time  to  time  by  means 
of  a  \nwc  of  iodide  of  starch  ]«per,  and,  before  disjointing,  it  is  well  to 
test  tlie  eH\'i])ing  ga«*  (say,  at  m)  in  the  same  way,  to  make  sun»  that  all 
nitric;  oxide*  has  been  thoroughly  expelled. 

Example:  0'2G27  gm.  of  pure  KNO-**  was  taken.  The  liberated  iwline 
required  3Sr,<i  c.<^  of  thiosulphate  (of  which  1  c.c.-^0-(XX58O5  gm.  KNO») 
f(»r  conversion.     This  gave  0'2G24  gm.  nitrate  found,  or  90*89  i)er  cent. 

Procfttfor  ChJorateM.  -The  apparatus  employed  is  the  same  as  for  nitrates, 
but  since  i:  is  unneoes«iry  in  this  estimation  to  previously  expel  the  air 
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presient  by  a  current  of  CO^,  those  tubes  which  como  after  the  tower  E  are 
diiiipcnsed  with.  The  details  of  the  operation  are  also  ])racticany  the  Nime 
as  in  the  ca<e  of  a  nitrate,  only  simpler.  Comparatively  dilute  hydrochloric 
acid  may  be  employed,  and  the  CO^  is  required  merely  to  ensure  a  regular 
passage  of  the  vapours  throuji^h  the  iodine  solution,  and  to  prevent  any 
chlorine  escaping  backwards.  This  is  tested,  as  before,  by  the  small  piece 
of  iodide  of  starch  paper  in  tube  *,  which  should  be  so  placed  as  never  to 
get  warm. 

The  chlorate  is  weighed  out  into  the  dry  evolution  flask  A^  then  dissolved 
in  8  to  10  c.c.  of  water,  and,  after  all  the  necessary  connections  liave  been 
made,  8  to  10  c.c.  of  pure  concentrated  hydrochloric  acid  are  run  in  through 
the  funnel  ff.  Since  the  reaction  begins  in  the  cold,  the  CO*  must  bo 
turned  on  immediately,  and  kept  passing  at  the  rate  of  about  four  bubbles 
per  second.  Care  should  be  taken  to  lieat  very  gently  at  first,  until  the 
bulk  of  the  chlorine  has  come  over,  after  which  the  lamp  flame  may  be 
gradually  turned  up  and  the  liquid  boiled,  exactly  as  in  the  case  of  the 
nitrate ;  this  ensures  that  no  chlorine  escapes  backwanls.  And,  as  before, 
after  all  the  chlorine  has  been  apparently  driven  out,  and  the  solution  ha» 
become  colourless,  a  se<;ond  quantity  of  ^\•a^m  hydro<'hloric  acid  (1  in  2) 
is  run  in,  and  the  boiling  repeated  for  a  few  minutes. 
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I^VKT  VI. 

SPECIAL   APPLICATI0X8   OF  THE*  VOLUMETRrC 
SYSTEM    TO    THE    ANALYSIS    OF    URINE,    POTA15LE 

AVATERS,    SEWAGE,    ETC. 

ANALYSIS    OF    UBINB. 

S  87.  The  complete  and  accurate  detennination  of  the  normal 
and  abnormal  constituents  of  urine  presents  more  tlian  ordinary 
difficulty  to  even  exi)erienced  chemists,  and  is  a  hopeless  task  in 
the  luuids  of  any  other  tlian  sucli.  Fortunately,  however,  the 
most  important  matters,  such  as  urea,  sugar,  pliosphates,  sulphates, 
and  chlorides,  can  all  be  determined  volumetrically  with  accuracy 
by  ordinary  ojn^rators,  or  by  medical  men  who  cannot  devote 
much  tinu!  to  jimctical  chemistry.  The  researches  of  Lie  big, 
Neu])auer,  l>ence  »Iones,  Vogel,  Boale,  Hassall,  Pavy, 
and  others,  during  the  last  few  years,  have  resulted  in  a  truer 
knowledge  of  this  imjwrtant  secretion ;  and  to  the  two  first 
mentiiuied  chemists  we  are  mainly  inde])ted  for  tlie  simplest 
and  most  accurate  methods  of  estimating  its  constituents.  With 
the  relation  which  the  proportion  of  these  constituents  bear 
to  health  or  disease  the  present  treatise  has  nothing  to  do,  its 
aim  l>eing  simply  to  ]K)int  out  the  nwliest  and  most  useful 
methods  of  determining  them  <piantitatively.  Their  i>athological 
im])ortance  is  very  fully  treate<l  by  some  of  the  authorities  just 
m(*ntione<l,  among  the  works  of  which  Neubauer  and  VogePs 
AfUih/ap  (tt'H  IlaruSy  l>eale's  Urine^  Urinary  I)ep<mts^  ami  Calruh\ 
and  Mj'lnrs  Traid''  <h>  Chinne  Mediralf,  are  most  prominent  and 
exhaustive ;  and  we  now  havcj  the  (tollected  experience  of  all 
the  best  authorities  in  the  world  in  The  Pafholotjiral  Handinmk 
of  Di-s.  Lauder  l>runton,  Klein,  Foster,  and  I^urdon 
Sanderson  (Churchill),  and  in  Alienee  C/ie)itit(fri/  of  Urine 
(Clnnrhill). 

The  gram  system  of  weights  and  mejisurcs  will  be  adopted 
throughout  this  section,  while  those  who  desire  to  use  the  grain 
system  will  have  no  difficulty  in  working,  when  once  the  simple 
relation  between  them  is  understood*  (see  §  10  p.  26).  The  rpiestion 
of  wcjights  and  measures  is,  however,  of  very  little  consequence,  if 
the  analyst  considers  that  he  is  dealing  with  relative  parts  or  pro- 
])ortions  only  ;  and  as  urine  is  generally  described  as  containing  so 

*  111  a  word,  whenever  c.c.  occurs,  dm.  may  be  Bubstitnted ;  and  in  cane  of  xxmnif 
KnuuH  for  trnimfl,  move  the  decimal  point  one  place  to  the  nght ;  thus  7*0  KTams  would 
t>e  chauv?ea  to  70  Kniing.  Of  course  it  is  uudei-st'Ood  that  where  xTams  are  taken  c.c. 
uiuMt  lie  measured,  and  with  grains  dm.,  the  standard  solution  being  the  same  for  both 
systems. 
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many  parts  of  urea,  chlorides,  or  phosphates,  per  1000,  the  absolute 
weight  may  he  left  out  of  the  (juestion.  The  grain  system  is  more 
readily  calculated  into  English  ounces  and  pints,  and  therefore  is 
generally  more  familiar  to  the  medical  profession  of  this  country. 

One  thing,  however,  is  necessary  as  a  preliminary  to  the  exami- 
nation of  urine,  and  which  has  not  generally  been  sufficiently 
<ronsidercd ;  that  is  to  say,  the  relation  between  the  quantity  of 
•secretion  passed  in  a  given  time,  and  the  amount  of  solid  matteis 
found  in  it  by  analysis.  In  a  medical  point  of  view  it  is  a  mere 
waste  of  time,  generally  speaking,  to  estinlate  the  constituents  in 
half-a-pint  or  so  of  urine  passed  at  any  jmrticular  hour  of  the  day 
or  night,  without  ascertaining  the  relation  which  that  quantity, 
with  its  constituents,  bears  to  the  whole  quantity  passed  during, 
«ay,  24  hours ;  and  this  is  the  more  necessary,  as  the  amount  of 
Huid  secreted  varies  very  considerably  in  healthy  persons ;  besides 
this,  th(i  analyst  should  register  the  colour,  i)eculiarity  of  smell  (if 
any),  consistence,  presence  or  absence  of  a  dejwsit  (if  the  former, 
it  should  be  collected  for  separate  analysis,  filtered  urine  only 
being  used  in  such  cases  for  examination),  and  lastly  its  reaction  to 
litmus  should  be  observed. 

1.     Specific    (Gravity. 

This  maybe  ttiken  by  measuring  10  c.c.  with  an  accurate  pipette 
into  a  tared  beaker  or  flask.  The  observed  weight  say  is  10*265 
gm.  ;  therefore  1026*5  will  be  thespecific  gravity,  water  being  1000. 
AVhere  an  accurate  balance,  ])ipettc,  or  weights  are  not  at  hand, 
a  good  urinometer  may  be  used.  These  instruments  are  now  to  be 
had  with  enclose<l  thermometer  and  of  accunite  graduation. 

2.     Estimation    of   Chlorides    (calculated   as    Sodic    Chloride). 

This  may  be  done  in  several  ways,  and  I  have  placed  the 
methods  in  the  order  in  whicli  I  consider  they  ought  to  be  ranked 
i\9  regards  accuracy.  Liebig's  method  is  by  far  the  simplest,  but 
the  end-point  is  generally  so  obscure  that  the  liability  to  error  is 
very  great.  Mohr's  metliod  I  have  modified  by  the  use  of 
amnionic  in  ])lace  of  potassic  nitrate,  owing  to  ^the  solvent  effect 
which  the  latter  has  been  found  to  produce  on  silv(jr  chromate. 
By  ignition  t!ie  ammonia  salt  is  destroyed. 

(a)  By  Silver  Nitrate  (Mohr). — 10  c.c.  of  the  urine  are 
measured  into  a  thin  porcelain  capsule,  and  1  gm.  of  pure  amnionic 
nitrate  in  powder  added  ;  the  whole  is  then  evaporat(jd  to  dryness, 
and  gradually  heated  over  a  small  s[)irit  lamp  to  low  redness  till 
all  vapours  are  dissipated   and  the  residue  becomes  white* ;  it  is 

•Dr.  EdinundB  lia«  called  my  attentiou  to  the  fact,  that  there  is  great  danger  of 
losing  chlorine  if  the  ignition  is  made  at  a  high  temperature,  and  there  is  no  donbt  he 
is  right.  He  prefers  to  char  the  nrinary  residue  thoroughly  over  a  spirit  lamp,  and 
wash  out  the  chlorides  with  hot  water,  the  filtered  liquid  is  then  avaUahle  for  direct 
«stimutiou  with  silver  and  chromate  or  by  the  V  o  1  h  ar  d  method. 
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then  (lissolvod  in  a  small  (quantity  of  water,  anil  the  carbonates 
produced  by  the  combustion  of  the  organic  matter  neutralized  by 
<lilute  acetic  acid  ;  a  few  grains  of  pure  calcic  carbonate  to  remove 
all  free  acid  are  then  added,  and  one;  or  two  drops  of  solution  of 
potassic  chromate. 

The  mixture  is  then  titrated  with  ^^  silver,  as  in  §  41.2  (//). 

Each  c.c.  of  silver  soluticm  rej)resents  0*005837  gn).  of  salt, 
<*onse(piently  if  12*5  c.c.  have  ])een  used,  the  weight  of  salt  in  the 
10  <!.c.  of  urine  is  0*07296  gm.,  and  as  10  c.c.  only  were  taken, 
the  weight  multiplied  by  10,  or  what  amounts  to  the  same  thing, 
the  decimal  point  moved  two  places  to  the  right,  gives  7*296  gm. 
of  salt  for  1000  c.c.  of  urine. 

If  5'9  c.c.  of  the  urine  are  taken  for  titration,  the  number  of  c.c.  of  y* 
silver  ujmhI  will  represent  the  number  of  parts  of  salt  in  1000  iwirts  of  urine. 

(/')  By  Volhard's  Kethod. — This  is  a  direct  estimation  of 
CI  by  excess  of  silver  and  the  excess  found  by  amnionic  or  {wtiissic 
thiocyanat<'  (§  43),  whi(;h  gives  very  good  results  in  the  alisence  of 
much  organic  matter,  and  is  carried  out  as  follows : — 

10  c.c.  of  uftne  are  placed  in  a  lOO  c.c.  fiask.  and  dilut^l  to  a)K>ut  60  c.c. 
*2  c.c.  of  ]}UTC  nitric  acid  and  15  c.c.  of  Htundard  silver  nolution  (1  c.c.  =0*01 
^mi.  NaC'i)  are  then  adde<l;  the  cloned  flai^ked  is  wellxhaken,  and  the  measure 
made  uj)  to  lUO  c  c.  with  distilled  water. 

The  mixture  is  then  passed  through  a  dry  filter,  and  about  70  or  80  c.c.  of 
the  cK»ar  tluid  titratetl  with  standard  tliiocyanate  for  the  exces.»«  of  silver, 
usin>(  the  ferric  indicator  described  on  pajije  143.  The  rehti^  stren>fth  of 
the  silver  ami  thiocyanute  being  known,  the  measure  of  tbe  former  nH|uire<l 
to  combine  with  the  chlorine  in  the  7  or  8  c.c.  of  urine  is  found  and 
calculated  into  NaCl. 

Arnold  {Pflager''s  Archiv,  xxxv.  541)  carries  out  this  process 
as  follows : — 

10  c.c.  of  urine  are  mixe<l  with  10  to  20  drops  of  nitric  acid  sp.  ^.  1*2, 
2  c.c.  of  ferric  indicator,  and  10  to  15  drops  of  solution  of  permauKanate  t<» 
oxidize  organic  matter.  The  liquid  is  then  filtered  and  titrated  as  described 
above. 

Dr.  James  P^dmunds,  of  Dover  Street,  Piccadilly,  who  is  not 
<)nly  a  prominent  London  jdiysician  but  also  an  excellent  chemist, 
hcw  kimlly  contributed  his  sjKJcial  way  of  carrying  out  the  estimation 
of  <hlori<les  in  urine  ]>y  this  pro^-ess. 

"  In  determining^  the  chlorides  of  urine,  and  other  or^iini*'  liquids,  by 
de'<iccati(>n  and  i^Miition,  I  find  the  results  generally  too  low.  It  seems 
impnwtiejible  to  jirevent  the  fume  of  charring  from  mechanically  carrying 
olT  chlorides,  and  the  heat  of  ignition  from  volatilizing  a  further  i>ortion. 
My  careful  charriufr  at  a  low  temperature,  breaking  uj»  the  ehar,  and 
washing  out  the  soluble  salts,  the  1(k«s  of  chlorides  is  minimized.  On  the 
other  hand,  I  know  of  no  measurement  which  is  more  entirely  satisfactory 
than  the  detennination  of  chlorides  by  the  beautiful  process  devised  by 
Vol  hard.     The  or^nic  matters  of  urine  open  up  the  way  to  two  fallacies. 
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1.  The  reduction  of  nitric  acid  and  the  production  of  a  red  shade  due  to 
the  lower  oxides  of  nitrogen.  But  tliis  never  amounts  to  the  full  red  which 
is  given,  in  cases  of  doubt,  by  running  in  a  further  portion  of  the 
thiocyanate,  and  then  titrating  back  with  the  silver  until  the  red  is  about  to 
fade  out.  In  that  way  the  true  end-point  of  the  reaction  is  made  sharp 
and  unequivocal.  2.  The  set^ond  possible  fallacy  is  the  reduction  of  the 
ferric  indicator  to  the  ferrous  condition.  But  this  does  not  prevent  the 
end-point  from  showing,  unless  the  whole  of  the  ferric  has  been  reduced  to 
ferrous  oxide,  and,  if  a  full  measure  of  a.  good  ferric  indicator  is  used,  this 
cannot  hapjwjn.  In  ciise  of  any  uncertainty  the  addition  of  a  fresh  c.c.  of 
the  ferric  indicator,  at  the  moment  when  the  titration  seems  to  be 
complete,  is  decisive  as .  to  the  true  end-point.  In  some  cases  it  may  be 
necessary  to  get  rid  of  oxalic  acid,  or  other  active  reducers  by  previous 
treatment  witli  ])otassic  permanganate  free  from  chlorine,  luitil  a  slight  rose 
tint  persists,  and  this  may  be  i>erfectly  removed  by  passing  the  liquid 
through  a  filter  paper. 

"  The  indicator  which  I  use  is  a  very  simple  and  convenient  one.  It  is 
made  by  dissolving  2'8  gm.  of  clean  soft  iron  wire  in  nitric  acid  of  about 
1250  sp.  gv.,  boiling  oS  the  red  fumes,  and  then  making  up  to  100  c.c. 
with  pure  nitric  acid  and  water— so  that  the  solution  has  a  sp.  gr.  of  about 
J  385,  and  is  well  below  the  fuming  point  at  ordinary  temi>eratures.  To 
remove  the  last  traces  of  the  nitrogen  oxides,  I  then  put  the  solution  into 
a  txill  jar,  and  blow  air  through  it  by  means  of  a  glass  tube  attached  to 
a  rubber-ball  bellows.  The  solution  which  is  thus  obtained  is  a  pale 
greenish  yellow ;  it  is  a  pure  ferric  nitrate  in  slightly  diluted  nitric  acid  ; 
and  it  keeps  well.  This  gives,  at  one  addition,  the  ferric  indicator  and  the 
nitric  acid  which  is  needed  for  the  process.  It  cannot  be  sucked  up  into 
a  pipette  without  serious  risk  of  causing  pneumonia,  and  it  should  bo 
poured  out  into  a  10  c.c.  tubular  measure.  For  ordinary  liquid,  where  no 
organic  matter  is  present,  this  solution  may  be  reduced  to  ten  times  its 
volume  with  additional  pure  nitric  acid  and  wator,  and,  if  its  colour  goes 
wrong,  air  must  agsiin  be  blown  through  it,  or  it  must  be  heated  until, 
when  cold,  it  is  a  pule  greenish  yellow. 

''In  the  analysis,  I  dilute  the  urine  to  10  volumes  with  distilled  water 
which  reduces  its  colour  and  dilutes  its  organic  matter,  and  I  use 
solutions  of  thiocyanate  and  of  silver,  which  are  the  clilorine-reciprocils 
of  normal  solutions  ;  i.^.,  normal  solutions  diluted  to  35'37  volumes,  and  of 
which  1  c.c.  is  equal  each  to  0  001   CI.     These   solutions  may  be  marked 

'^./—  or  .jj.jj^      The}'   are   very   convenient  and  eliminate   all  calculation. 

In  fact,  this  method  of  calculating  and  marking  various  standard  solutions 
is  very  useful.  Placing  10  c.c.  of  the  diluted  urine  into  a  beaker  on  white 
paper,  I  add  10  c.c.  of  the  ferric  indicator,  and  at  once  nin  in  1  c.c.  of  the 
thiocyanate,  so  as  to  get  a  sharp  red  colour,  and  stir  thoroughly.  I  then  run 
in  the  silver  with  continuous  stirring  until  the  red  colour  begins  to 
distinctly  fade.  From  this  point  onwards  continuous  stirring,  and  the  slow 
addition  of  the  last  drops  of  silver  gives  a  sharp  and  unquestionable  end- 
point.  If  overdone  by  accident,  I  add  another  c.c.  of  thi()(!yanate,  and 
repeat  the  silver  more  cautiously  as  the  end-point  a])proaches,  stirring  very 
actively.  The  titration  should  commence  with  the  burettes  at  0,  and  then 
a  sim]de  reading  of  the  burettes  at  the  end  of  the  operation  gives  l)oth 
(piantities  used,  liowevor  often  the  titration  backwards  and  forwards  may 
have  been  done.  The  silver  c.c,  minus  the  thiocyanate  c.c,  give  the  milligrams 
of  chlorine  in  1  c.c.  of  urine.  It  is  necessary  to  use  a  small  very  accurately 
graduated  burette,  say  20  c.c.  in  yV  '•  if  the  tube  is  narrow  it  is  possible  to 
have  very  distinct  readings. 

"It  cannot  l>e  possible  to  get  an  easier,  quicker,  or  more  precise 
determination  of  chlorides  in  urines,  milk  serums,  and  other  orgtuiic  liquids 
than  this." 
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,  (r)  By  Mercuric  Nitrate  (Liebig). — The  ])riiiciple  of  this 
methcKi  is  as  follows : — If  a  solution  of  mercuric  nitrate,  free  from 
any  excess  of  acid,  is  added  to  a  solution  of  urea,  a  white  gelatinous 
precipitate  is  produced,  containing  urea  and  mercuric  oxide  in  the 
j»roportions  of  1  {>({.  of  the  former  to  4  e([.  of  the  latter  (4Hg()  + 
Ur).  AVhen  sodic  chloride,  however,  is  present  in  the  solution, 
this  ])recipitate  does  not  occur  until  all  the  sodic  chloride  is 
converted  hy  double  decomposition  into  mercuric  chloride  (sul> 
limate)  and  sodic  nitrate,  the  solution  remaining  clear;  if  the 
exact  point  be  overstep[»ed,  the  excess  of  mercury  immediately 
proiluces  the  precipitate  above  described,  so  that  the  urea  present 
acts  as  an  indicator  of  the  end  of  the  process.  It  is  therefore 
possible  to  ascertjiin  the  pro])ortion  of  chlorides  in  any  given 
sample  of  urine  by  this  method,  if  the  strength  of  the  mercurial 
solution  is  known,  since  1  eq.  of  mercuric  oxide  converts  1  eq.  of 
sodic  chloride  into  1  e([.  each  of  corrosive  sublimate  and  sodic 
nitrate. 

Standard  Solution  of  Mercuric  nitrate. — It  is  of  great  im- 
]K)rtance  that  the  solution  be  pure,  for  if  the  mercury  fnjm  which 
it  is  made  be  contaminated  with  traces  of  other  metals,  such  as 
])ismuth,  silver,  or  lead,  they  will  produce  a  cloudiness  in  the 
liquid  while  under  titration,  which  may  possibly  obscure  the  exact 
ending  of  the  reaction  ;  therefore  18*42  gm.  of  the  purest  precipi- 
tiited  m(»rcuric  oxide?  are  put  into  a  l>eaker,  with  a  8ufficien<;y  of 
pure  nitri(!  acid  of  about  1*20  B\)ec,  grav.  to  dissolve  it  by  the 
aid  of  a  gentle  heat ;  the  clear  solution  so  obtained  is  eva[)orated 
on  the  water  bath  to  remove  an^'  excess  of  free  a(jid.  AVhen  the 
liquid  is  dense  and  sirupy  in  consistence,  it  may  l)e  transferred  to 
the  graduated  cylinder  or  flask  and  diluted  to  a  liter.  1  c.c.  of  the 
solution  so  prepared  is  equal  to  O'Ol  gm.  of  sodic  chloride,  or 
0-00G059  gm.  of  (chlorine. 

if  pure  mercuric  oxide  is  not  at  hand,  the  solution  is  b&*(t  maile  by 
wcixhiiij;  25  jrni.  of  mercuric  rhlorido,  which  is  dissolved  \u  about  u  liter  of 
water  and  the  oxide  ])recipitat€d  with  a  slight  excess  of  caustic  potash  or 
soda.  Tlie  precipitate  of  yellow  oxide  is  allowed  to  settle  clear  and  the 
liquid  <le('anted.  It  is  repeatedly  washed  in  thi«  manner  with  warm 
distilled  water  until  the  washing  show  no  amount  of  alkali  or  alkaline 
chloride ;  the  precipit-ite  is  then  dissolved  in  the  smallest  quantity  of  pure 
nitric  ariil,  and  diluted  to  about  95()  c.c.  If  any  Kreat  excess  of  nitric  acid  is 
present,  it  may  be  cautiously  neutralized  by  pure  sodic  hydrate  or  car!)onate. 

Verification  of  the  Mercuric  Solution. — This  is  carried  out  by 
the  help  of  the  following  solutions  : — 

Pure  Sodic  chloride. — 20  gm.  i>er  liter. 

Solution  of  Urea. — 4  gm.  of  pure  urea  in  100  c.c. 

Solution  of  pure  Sodic  sulphate. — Saturated  at  ordinary  tem- 
peratures. This  is  used  to  regulate  the  action  of  the  free  acid 
which  is  libemted  in  the  reaction.  In  the  case  of  natural  urine  it 
is  not  necessary. 
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Process  of  Titration  :  10  c.c.  of  the  standard  sodic  chloride  (  =  0*2  jtfm. 
NaCl)  are  placed  iu  a  small  beaker,  together  with  3  c.c.  of  the  urea  Rolution, 
and  5  c.c.  of  sodic  sulphate.  The  mercuric  solution  is  then  delivered  in  from 
the  burette,  with  constant  stirring',  until  a  decided  permanent  white  pre- 
cipitate is  seen  to  form.  A  mere  opalescence  may  occur  even  at  the  beginning, 
arising  from  slight  imi>urities  in  the  mercury,  but  this  may  be  disregarded. 
If  the  mercuric  solution  has  been  made  from  weighed  pure  oxide,  exactly  20 
c.c.  should  be  required ;  if,  on  the  contrary,  it  has  been  made  from  the  fresh 
unweighed  oxide,  somewhat  less  than  20  c.c.  should  be  required.  Say  that 
18*5  c.c.  have  been  found  to  give  the  necessary  reaction,  then  the  solution 
must  be  diluted  with  distilled  water  in  the  proportion  of  1*5  c.c.  to  every 
18'5,  or  925  c.c.  made  up  to  a  liter. 

(d)  Baryta  Solution  for  removingr  Phosphoric  and  Sulphurio 
Acids. — Before  urine  can  be  submitted  to  titnition  by  the  mercurial 
solution,  it  is  necessary  to  remove  the  phosphoric  acid,  and  tho 
proper  agent  for  this  purpose  is  a  mixture  composed  of  1  vol.  of 
cold  saturated  solution  of  baric  nitrate  and  2  vols,  of  saturated 
baric  hydrate ;  the  same  agent  is  used  ))revious  to  the  estimation 
9f  urea,  and  may  be  simply  designated  Baryta  solution. 

Process :  40  c.c.  of  tho  clear  urine  are  mixed  with  20  c.c.  of  bar>'ta 
solution,  and  tho  thick  mixture  iK)ured  upon  a  small  dry  filter;  when 
sullicient  clear  liquid  has  pas.sed  through,  15  c.c.  (^10  c.c.  of  urine)  aro 
tjikcn  with  a  pi]>ette  and  just  neutralized,  if  necess*arj',  with  a  drop  or  two  of 
nitric  acid.  If  not  alkaline,  the  probability  is  that  sufficient  baryta  solution 
has  not  been  added  to  precipitate  all  the  phosphoric  and  sulphuric  acids. 
This  may  be  known  by  adding  a  drop  or  so  of  the  baryta  solution  to  the 
filtrate;  if  any  precipitate  is  produced,  it  will  be  necessary  to  mix  afresh 
quantity  of  urine  with  three-fourths  or  an  ocpial  quantity  of  baryta,  in  which 
case  17i  or  20  c.c.  must  be  taken  to  represent  10  c.c.  of  urine;  the  excess  in 
either  ca.«e  of  baryta  must  be  cautiousitt  neutmlized  with  nitric  acid. 

The  vessel  containing  the  fluid  is  then  brought  under  a  Mohr's  huretto 
containing  the  mercurial  solution,  and  small  portions  delivered  in  with 
stirring,  until  a  distinct  permanent  precipitate  is  produced.  Tho  volume  of 
solution  used  is  then  read  off  and  calculated  for  1000  parts  of  urine. 

Example :  15  c.c.  of  the  liquid  ]>repared  with  a  .*»ample  of  urine,  as 
described  above  ( =  10  c.c.  of  urine),  required  ()2  c.c.  of  mercurial  .solution  : 
the  quantity  of  salt  present  was  therefore  0*062  gm.,  or  6'2  parts  in  1000 
parts  of  urine. 

3.     Estimation    of  Urea    (L  i  e  b  i  gr) . 

The  combination  between  urea  and  mercuric  oxide  in  neutral  or 
alkaline  solutions  has  been  alluded  to  in  the  foregoing  article  on 
chlorides ;  it  will  therefore  probably  be  only  necessary  to  say  that 
the  determination  of  urea  in  urine  is  based  on  that  reaction  ;  and 
as  the  precipitate  so  produced  is  insoluble  in  water  or  -weak  alkaline 
solutions,  it  is  only  necessary  to  jn-epare  a  standard  solution  of 
mercury  of  convenient  strength,  jvnd  to  find  an  indicator  by  which 
to  detect  the  point  when  all  the  urea  has  entered  into  combination 
with  the  mercury,  and  the  latter  slightly  predominates.  This 
indica'tor  is  sodic  carbonate.  Liebig's  instructions  are,  that  when 
in  the  course  of  adding  the  mercurial  solution  from  the  burette  to 
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the  urine,  a  drop  of  tlio  mixture  is  taken  from  time  to  time  and, 
brought  in  contact  with  a  few  drops  of  sohition  of  sodic  carbonate 
on  a  glass  plate  or  in  a  watch-glass,  no  change  of  colour  is 
produced  at  the  i)oint  of  contiict  until  the  free  urea  is  all  removed  ; 
when  this  is  the  case,  and  the  mercury  is  slightly  in  excess, 
a  yellow  colour  is  produced,  owing  to  the  formation  of  hydratej 
mercuric  oxide. 

The  compound  of  urea  and  mercury  consists,  according  to 
Liebig's  analysis,  of  1  eq.  of  the  former  to  4  eq.  of  the  latter  ; 
that  is  to  say,  if  the  nitric  acid  set  free  by  the  mixture  is. 
neutralized  from  time  to  time  with  sodic  carbonate  or  other 
suitable  alkali.  If  this  Ix)  not  done,  the  precij>itate  first  formed 
alters  in  character,  and  eventually  consists  only  of  3  etj.  of  mercury 
with  1  of  urea.  In  order  to  proiluce  the  yellow  colour  witli> 
sodic  carbonate,  there  must  bo  an  excess  of  menmrial  solution. 
Theoretically,  100  parts  of  urea  should  re<iuire  720  parts  of 
mercuric  oxide ;  but  practically,  772  jmrts  of  the  latter  are- 
necessary  to  remove  all  the  urea,  and  at  the  same  time  show 
the  yellow  colour  with  alkali ;  consequently  the  solution  of 
mercuric  nitrate  must  Ix^  of  empirical  strength,  in  order  to  give 
accurate  results. 

Preparation  of  the  Merourio  Solution. — 77 '2  gin.  of  red  mercuric 
oxide,  or  71*5  gm.  of  the  nietiil  itself,  are  treated  with  nitric  acid,, 
as  described  in  the  previous  article  on  chlorides,  and  in  either  case 
diluted  to  1  liter :  1  c.c.  of  the  solution  is  then  e<pial  to  0*01  gm. 
of  urea.  (The  extreme  wire  required  to  remove  traces  of  foreign 
metals  from  the  mercury  is  not  so  necessary  here  as  in  the  foregoing 
instjince,  but  no  large  amount  of  free  acid  must  be  j)resent.) 
I) r agendo rff  prefers  to  use  mercuric  chloride  in  the  preparation 
of  the  standard  solution,  by  weighing  96 '855  gm.  of  the  pure  salt,, 
which  is  dissolved  in  water,  then  ])recipitated  Avith  dihite  caustic- 
soda,  the  j)recipitate  well  washed  by  decantation  until  free  from 
chlorine*,  then  dissolved  in  a  slight  excess  of  nitric  acid,  and  the 
solutiim  diluted  to  1  liter. 

Procetn :  Two  volume)*  of  the  urine  arc  mixed  with  one  of  baryta  Holr.tioiii 
as  l)efore  dcwribod  in  the  case  of  chlorides  (reservinjf  the  precipitate  for  the 
determination  of  phosphoric  acid,  if  necessary),  and  15  c.c.  (=10  c.c.  of 
urine)  taken  in  a  sinall  beaker  for  titration  ;  it  is  hmii^ht  under  the  burette 
containing  the  mcn'urial  sohition  (without  neutralizing  the  exce»s  of  baryta, 
as  in  the  cnw  of  chlorides),  and  the  solution  added  in  small  quantities  so 
lonj^  as  a  distinct  precipitate  is  seen  to  form.  A  plate  of  j^lass  hiid  over 
dark  im])eT  is  previously  sprinkled  with  a  few  drops  of  solution  of  sodic 
carbonate,  and  a  drop  of  the  mixture  must  be  broupfht  from  time  to  time,  by 
means  of  a  small  Kla»*  rod,  in  contact  with  the  soda.  So  lon^  as  the  colour 
remains  white,  free  ure:i  is  present  in  the  mixture ;  when  the  yellow  colour 
is  distinctly  apparent,  the  addition  of  menniry  is  discontinuc<i,  and  the 
quantity  used  calculated  for  the  amount  of  urea.  It  is  always  advisable  to 
re])eiit  the  analysis,  taking  the  first  titnitiou  as  a  guide  for  a  more  accurate- 
estimation  by  the  second. 
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Example :  15  o.c.  of  uriue  deprived  of  phosphates  (  =  10  c.c.  of  the  ori^nal 
*  urine)  were  titrated  as  described,  and  required  17*6  c.c.  of  mercurial  solution  : 
cousequently  there  was  0*176  gm.  of  urea  present  in  the  10  c.c,  or  17*6  ports 
in  the  1000  of  urine. 

The  experiments  of  Rautenberg  {Ann.  d,  Chem,  tk  Phainn. 
cxxxiii.  55)  and  Pfliiger  {Z.  a.  C.  xix.  375)  show,  however,  that 
the  method,  as  devised  byLiehig,  is  open  to  serious  errors,  due  to 
the  uncertainty  in  the  point  of  neutralization. 

Pfl tiger *s  researches  are  very  complete,  and  lead  to  the  follow- 
ing modification  of  the  process. 

A  solution  of  pure  urea  is  prepared  containing  2  gm.  in  100  c.c. 
10  c.c.  of  this  solution  is  placed  in  a  beaker,  and  20  c.c.  of*  the 
mercury  solution  ran  into  it  in  a  continuous  stream  ;  the  mixture  is 
then  immediately  brought  under  a  Ijurette  containing  normal  sodic 
(carbonate,  and  this  solution  is  added  with  constant  agitation  until 
a  permanent  yellow^  colour  appears.  The  volume  of  soila  solution 
^o  used  is  noted  as  that  which  is  necessary  to  neutralize  the  acidity^ 
produced  by  20  c.c.  of  the  mercury  solution  in  the  presence  of  urea. 
Pfliiger  found  that  by  titrating  10  c.v..  of  the  urea  solution  by 
«mall  additions  of  the  mercury,  and  occasional  neutralization,  the 
end  of  the  reaction  occurred  generally  at  from  17*2  to  17 '8  c.c.  of 
mercury  ;  but  wheji  he  ran  in  boldly  19*7  c.c.  of  mercury,  followed 
immediatelv  by  normal  sodic  carbonate  to  near  neutralitv,  then 
alternately  a  dro|)  or  two  of  first  mercury,  then  soda,  the  exact 
point  was  reached  at  20  c.c.  of  mercury  ;  and  when  10  c.c.  of  the 
mercury  solution  which  gave  this  reaction  were  analyzed  as 
sulphide  by  weight,  a  mean  of  several  determinations  gave  0*7726 
gm.  of  HgO,  which  agrees  very  closely  with  Liebig's  number. 

In  th(i  case  of  titrating  urine,  the  following  method  is  adopted  : — 

A  plate  of  colourless  glnsa  is  laid  upon  black  cloth,  and  some  drops  of 
a  thick  mixture  of  sodic  bicarbonate  (free  from  carbonate)  and  water  placed 
upon  it  at  convenient  distances.  The  raercurj'  solution  is  added  to  the  urine 
in  such  volume  as  is  judj^ed  appropriate,  and  from  time  to  time  a  drop  of  the 
white  mixture  is  ]>laced  beside  the  bicarbonate  so  as  to  touch,  but  not  mix 
completely.  At  first  the  urine  mixture  remains  snow-white,  but  with 
further  additions  of  mercury  a  iK)int  at  last  occurs  when  the  white  gives 
place  to  yellow.  When  the  colour  has  developed  itself,  both  drops  are  rubbed 
.([uickly  together  wi^h  a  ji^lass  rod :  the  colour  should  disa})pear.  Further 
addition  of  mercury  is  made  cautiously  until  a  faint  yellow  is  permanent. 
Is^ow  is  the  time  to  neutralize  by  the  addition  of  the  normal  soda  to  near  the 
volume  which  has  been  found  necessary  to  completely  neutralize  a  given 
volume  of  mercury'  solution.  If  the  time  has  not  been  too  long  in  reaching 
this  point,  it  will  be  found  that  a  few  tenths  of  a  c.c.  will  suffice  to  complete 
the  reaction.  If,  however,  much  time  has  been  consumed,  it  may  occur  that, 
notwithstanding  the  mixture  is  distinctly  acid,  the  addition  of  soda  producetn 
a  more  or  less  j-ellow  colour ;  in  this  case,  nothing  is  left  but  to  go  over  the 
analysis  again,  taking  the  first  trial  as  a  guide  for  the  quantities  of  mercury 
and  soda  solutions,  which  should  be  delivered  in  one  after  the  other  as 
speedily  Jis  possible  until  the  exact  end  is  reached. 

It  is  absolutely  necessary,  with  this  modified  process,  to  render 
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the  urine  perfectly  neutral,  after  it  is  freed  from  phosphates  and 
sulpliates  by  baryta  solution. 

Oorreotions  and  Modliloatlons  (Liebig). — In  certain  cases  the  reHulto 
obtained  by  the  above  methods  are  not  strictly  correct,  owing  to  the  variable 
state  of  dilution  of  the  liquid,  or  the  pre§enoe  of  matters  which  affect  the 
mercury  solution.  The  errors  are,  however,  generally  so  slight  as  not  to 
need  correction.  Without  entering  into  a  fml  descnption  of  their  origin, 
I  shall  simply  record  the  facts,  and  give  the  modifications  necessary  to  be 
made  where  thought  desirable. 

The  Urine  contains  more  than  2  per  cent,  of  Urea,  i>.,  more 
than  20  parts  per  1000.  This  quantity  of  urea  would  necessitate  20  c.c. 
of  mercurial  solution  for  10  c.c.  of  urine.  All  that  is  necessary  to  be  done 
when  the  first  titration  has  shown  that  over  2  per  cent,  is  present,  is  to  add 
half  as  much  water  to  the  urine  in  the  second  titration  as  has  been  needed  of 
the  mercurial  solution  above  20  c.c.  Suppose  that  28  c.c.  have  been  used  at 
first,  the  excess  is  8  c.c,  therefore  4  c.c.  of  water  are  added  to  the  fluid  before 
the  second  experiment  is  made. 

The  Urine  contains  less  than  2  per  cent,  of  Urea.  In  this  case, 
for  every  4  c.c.  of  mercurial  solution  less  than  20,  0*1  c.c.  must  be  deducted, 
before  calculating  the  quantity  of  urea ;  so  that  if  16  c.c.  have  been  required 
to  produce  the  yellow  colour  with  10  c.c.  urine,  15*9  is  to  be  considered  the 
correct  quantity. 

The  Urine  contains  more  than  1  per  cent,  of  Sodic  Chloride, 
t.«.,  more  than  10  parts  per  1000.  In  this  case  2  c.c.  must  be  deducted  from 
the  quantity  of  mercurial  solution  actually  required  to  produce  the  yellow 
colour  with  10  c.c.  of  urine. 

The  Torino  contains  Albumen.  In  this  case  50  c.c.  of  the  urine  are 
boiled  with  2  drops  of  strong  acetic  acid  to  coagulate  the  albumen,  the 
precipitate  allowed  to  settle  thoroughly,  and  30  c.c.  of  the  clear  liquid  mixed 
with  15  c.c.  of  baryta  solution,  filtered,  and  titrated  for  both  chlorides  and 
urea,  as  previousl}'  described. 

The  Urine  contains  Ammonic  Carbonate.  The  presence  of  this 
substance  is  brought  about  by  the  decomposition  of  urea,  and  it  may 
sometimes  be  of  interest  to  know  the  quantity  thus  produced,  so  as  to 
calculate  it  into  urea. 

As  its  presence  interferes  with  the  correct  estimation  of  urea  direct,  by 
mercurial  solution,  a  portion  of  the  urine  is  precipitated  with  baryta  as 
usual,  and  a  quantity,  representing  10  c.c.  of  urine,  evaporated  to  dryness  in 
the  water  bath  to  expel  the  ammonia,  the  residue  then  dissolved  in  a  little 
water,  and  the  urea  estimated  in  the  ordinary  way.  On  the  other  hand, 
50  or  100  c.c.  of  the  urine,  not  precipitated  with  baryta,  are  titrated  with 
normal  sulphuric  acid  and  litmus  pai)er,  each  c.c.  of  acid  representing 
0 017  gm.  of  ammonia,  or  003  gm.  of  urea. 

Pfl tiger's  correction  for  concentration  of  the  urea  differs  from 
Liebig's,  his  rule  being  as  follows : — 

Given  the  volume  of  urea  solution + the  volume  of  NaCO^  required + the 
volume  of  any  other  fluid  free  from  urea  which  may  be  added,  and  call  this 
V ;  the  volume  of  mercury  solution  is  V^ ;  the  correction,  C,  is  then 

C=  -^(V»— V«)  >^  008. 

This  formula  holds  good  for  coses  where  the  total  mixture  is  less  than  throe 
times  the  volume  of  mercury-  used. 

With  more  concentrated  solutions  this  formula  gives  results  too  high. 

c  c 
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Pfeiffer  (Zeit.f.  Biol.  xx.  540)  has  made  a  careful  comparisoii 
of  Liebig's  (as  modified  by  Pfluger)and  Kautenberg^s  methods 
of  estimating  urea.  The  essential  difference  of  Rautenberg's 
method  consists  in  maintaining  the  urea  solution  neutral  throughout 
by  successive  additions  of  calcic  carbonate ;  under  these  conditions, 
the  composition  of  the  precipitate  differs  from  that  formed  when 
the  titration  is  made  according  to  Pf  lUger's  process,  a  fact  which 
accounts  for  the  diminished  consumption  of  mercuric  nitrate  in  the 
former  method.  The  general  conclusions  from  his  observations 
may  be  summarized  as  follows: — (1)  In  estimating  tiie  correction 
for  sodic  chloride,  the  amount  of  free  acid  should  be  as  small  as 
I)ossible,  and  0*1  c.c.  should  be  subtracteil  from  every  cc  of 
mercuric  nitrate  used,  but  in  human  urine  it  is  preferable  to 
precipitate  the  chlorine  with  silver  nitrate,  as  a  slight  excess  of  the 
latter .  does  not  influence  the  result  (2)  The  coefficient  for 
dilution  should  be  determined  afresh  for  every  new  standard 
solution. 

4.    Estinuttioxi  of  Urea  by  its  conversion  into  Vitrogtm  GhM. 

If  a  solution  of  urea  is  mingled  with  an  alkaline  solution  of 
hypochlorite  or  liypobromite,  the  urea  is  rapidly  decomposed  and 
nitrogen  evolved,  which  can  be  <*ollected  and  measured  in  any  of 
the  usual  forms  of  gas  apparatus  described  in  the  section  on 
analysis  of  gases. 

Test  experiments  with  ])ure  urea  have  shown,  that  the  whole  of 
the  nitrogen  contained  in  it  is  eliminateil  in  this  process,  with  the 
exception  of  a  constant  deficit  of  8  per  cent  In  the  case  of  urine 
there  are  other  nitrogenous  constituents  present,  such  as  uric  acid, 
liippuric  acid,  and  creatinine,  which  render  up  a  small  projKjrtion 
of  their  nitrogen  in  the  ]>rocess,  but  the  quantity  so  obtained  is 
insignificant,  and  may  be  disregtirded.  Consequently,  for  all 
medical  purposes,  this  methoil  of  estimating  urea  in  urine  is 
sufficiently  exact. 

In  the  case  of  dialectic  urines,  however,  Mehii  and  others  have 
]K)inted  out  that  this  deficiency  is  diminished,  and  if,  in  addition 
to  the  glucose  j>resent,  cane  sugar  be  also  added,  it  will  almost 
entirely  disappear.  Mehii  therefore  recommends  that  in  the 
analvsis  of  saccharine  urines  cane  sujnir  be  added  to  ten  times  the 
amount  of  urea  present,  when  the  difference  l)etween  the  actual 
and  theoretical  vield  of  nitrogen  will  not  exceed  1  \yeT  cent  (BuiL 
Sor.  Chim,  [2]  xxxiii.  410). 

Russell  and  West  {J,  C  S.  [2]  xii.  749)  have  described  a 
very  convenient  apparatus  for  working  the  process,  and  which  gives 
very  gooil  results  in  a  short  space  of  time.  This  methoil  has  given 
rise  to  endless  fonns  of  apj>aratus  devised  by  various  o|)erator8, 
including  Mehii,  Yvon,  Dupre,  Apjohn,  Maxwell  Simpson, 
Doremus,  O'Keefe,  etc.,  etc. ;  the  principles  of  construction  are 
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all,  however,  the  same.  Those  who  may  wish  to  coostruct  simple 
forms  of  ttpparatus  from  ordiimry  littxiratory  appliances,  will  do 
well  to  refer  to  the  arrangements  of  Duprc  (J.  C.  S.  1877,  534) 
or  Maxwell  Simpson  (ibid.  538).  The  nitrometer,  with  side 
flask,  and  using  mercury,  is  perhaps  the  beat  of  all  for  the 
gasometric  estimation  of  urea.  Each  c.c.  of  N  produced,  after 
correction  .for  tempcratnre,  pressure,  and  moisture,  being  equal  to 
O-O02952  gm.  of  urea  on  the  assumption  that  92  %  is  evolved. 

The  apimratus  dcvi«c(l  by  Russell  and  West  is  shown  in 
fig.  54,  and  may  be  described  as  follows : — 

The  tube  for  decomposing  the  urine 
is  about  9  inches  long,  and  about  half 
an  inch  inside  diiimetcr.  At  2  inches 
from  ite  closed  end  it  is  narrowed,  and 
an  elongated  hulb  is  blown,  leaviiig  the 
orifice  at  its  neck  f  of  an  inch  in 
diameter;  tlie  bulb  should  hold  about 
12  C.C.  The  mouth  of  Um  tube  is 
fixed  into  the  bottom  of  a  tin  tray 
aljout  IJ  inch  deep,  which  aoll  aa  a 
pneumatic  trough ;  tlie  tray  is  supported 
on  legs  long  enough  to  allow  of  a 
small  spirit  lamp  being  held  imdor  the 
bulb  tube.  'The  measuring  tube  for 
collecting  the  nitrogen  is  graduated  into 
-  cubic  centimeters,  and  of  such  size  as 
to  fit  over  the  mouth  of  the  deconi- 
l>osing  tube ;  one  holding  almut  40  c.c. 
b  a  convenient  size.  Kussell  and  West 
have  fixed  by  experiment  the  propor- 
tions, so  as  to  obviate  tlie  necessity  for 
correction  of  pressure  and  temperature,  namely,  37  1  c.c.  =  01  gm. 
of  urea,  since  they  found  that  5  c.c.  of  a  2  per  cent,  solution  of 
urea  constantly  gave  3T'l  cc  of  nitrogen  at  ordinary  temperatures 
jind  pressures.  The  entire  apparatus  can  be  purchased  of  most 
«]>erativo  chemists  for  a  moderate  sum. 

Hypobromite  Solution. — This  is  best  prepareil  by  dissolving 
100  gm.  of  caustic  soila  in  250  c.c.  of  water  and  at  the  time 
xequired  25  cc.  of  the  solution  are  mixed  with  2'5  cc.  of  bromine ; 
this  mixture  gives  a  rapid  and  complet«  decomposition  of  the 
urea.  Strong  solution  of  sodic  or  calcic  hyix>clUorit«  answers 
•equally  weU. 

Procni:  IS  c.c.  ot  tho  urine  are  measured  into  the  bulb-tube,  Rxed  in 
it*  proper  pwitioQ,  aad  the  Mdes  of  the  tube  washed  down  with  diHtilled 
itiiter  so  that  the  bulb  is  filled  up  lo  its  coiialriotioii.  A  kIsh  roil,  having 
,a  thin  band  ot  india-rubber  ou  its  end,  it  then  pamed  dowu  into  the  lube  bo 
a*  to  |]IuK  up  the  narrow  opctiinit  o[  the  bulb.  Tlio  hypobromite  Kolution  u 
then  poured  iiilo  Uie  upper  part  of  the  tube  until  it  is  full,  and  the  trough 
is  afterwards  half  tilled  with  water. 


Fig.  H. 
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Tlie  graduated  tube  is  filled  with  water,  the  thumb  placed  on  the  open 
end,  and  the  tube  i»  inverted  in  the  trough.  The  gloRs  rod  is  then  pulled, 
out,  and  the  graduated  tube  slipped  over  the  mouth  of  the  bulb-tube. 

The  reaction  commences  immediately,  and  a  torrent  of  gas  rises  into  the 
measuring  tube.  To  prevent  any  of  the  gas  being  forced  out  by  the  reaction,, 
the  upper  part  of  the  bulb-tube  is  slightly  narrowed,  so  tliat  the  gas  is  directed 
to  the  centre  of  the  graduated  tube.  With  the  strength  of  hypobromite 
solution  above  described,  the  reaction  is  complete  in  the  cold  in  about  ten  or 
fifteen  minutes ;  but  in  order  to  expedite  it,  the  bulb  is  slighlly  warmed. 
This  causes  the  mixing  to  take  place  more  rapidly,  and  the  reaction  is  then 
complete  in  five  minutes.  The  reaction  will  be  rapid  and  complete  only 
when  there  is  considerable  excess  of  the  h3''pobromite  present.  After  th& 
reaction  the  liquid  should  still  have  the  characteristic  colour  of  the^ 
hypobroniite  solution. 

The  amount  of  constriction  in  the  tube  is  by  no  means  a  matter 
of  indifference,  as  the  rapidity  with  wliich  the  reaction  takes  place- 
depends  upon  it.  If  the  liquids  mbc  too  quickly,  the  evolution  of 
the  gas  is  so  rapid  that  loss  may  occur.  On  the  other  hand,  if  the 
tube  is  too  much  constricted,  the  reaction  takes  place  too  slowly. 

The  simplest  means  of  supporting  the  measuring  tube  is  to  have 
the  bulb-tube  corked  into  a  well,  wliich  projects  from  the  bottom  of 
the  trough  about  one  inch  downwards.  The  graduated  tube  stands- 
over  the  bulb-tube,  and  rests  upon  the  cork  in  the  bottom  of  the 
well.  It  is  convenient  to  have,  at  the  other  end  of  the  trough, 
another  well,  which  will  form  a  support  for  the  measuring  tube 
when  not  in  use. 

To  avoid  all  calculations,  the  measuring  tube  is  graduated  so  that 
the  amount  of  gas  read  off  expresses  at  once  what  may  be  called 
the  percentage  amount  of  urea  in  the  urine  experimented  upon ;. 
i.e.  the  number  of  grams  in  100  c.c,  5  c.c.  being  the  quantity  of 
urine  taken  in  each  case.  The  gas  collected  is  nitrogen  saturated 
with  aqueous  vapour,  and  the  bulk  will  obviously  be  more  or  less- 
affected  by  temperature  and  j)ressure.  Alterations  of  the  barometer 
produce  so  small  an  alteration  in  the  volume  of  the  gas,  that  it 
may  be  generally  neglected ;  e.(j.  if  there  are  30  c.c.  of  nitrogen,, 
the  quantity  preferred,  an  alteration  of  one  inch  in  the  height  of 
barometer  would  produce  an  error  in  the  amount  of  urea  of  about 
0*003  ;  but  for  more  exact  experiments,  the  correction  for  pressure 
should  be  introduced. 

In  the  wards  of  hospitals,  and  in  rooms  where  the  experiments^ 
are  most  likely  to  be  made,  the  temperature  will  not  vary  much 
from  65"*  F.,  and  a  fortunate  compensation  of  errors  occurs  with 
this  form  of  apparatus  under  these  circumstances.  The  tension  of 
the  axjueous  vapour,  together  with  the  expansion  of  the  gas  at  this^ 
temperature,  almost  exactly  counterbalances  the  loss  of  nitrogen 
in  the  reaction. 

The  authors  found  from  experience  that  5  c.c.  of  urine  is  the 
most  advantageous  quantity  to  employ,  as  it  usually  evolves  a  con- 
venient  bulk  of  gas  to  experiment  with,  Le,  about  30  c.c     They 
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have  shown  that  5  c.c.  of  a  stanilanl  sohition  containing  2  ])er  cent, 
of  urea  evolve  37 '1  c.c.  of  nitrogen,  and  have  consequently  taken 
this  as  the  basis  of  the  graduation  of  the  measuring  tube.  This 
bulk  of  gas  is  rea<l  off  at  once  as  2  per  cent,  of  urea,  an<l  in  the 
same  way  the  other  graduations  on  the  tube  represent  percentage 
amounts  of  urea. 

If  the  urine  experimented  with  is  very  rich  in  urea,  so  that  the 
i)  c.c.  evolve  a  mu^'h  larger  volume  of  gas  than  30  c.c,  then  it  is 
best  at  once  to  dilute  the  urine  with  its  own  bulk  of  water ;  take 
.5  c.c.  of  this  diluted  urine,  and  multiply  the  volume  of  gas  obtained 
by  two. 

If  the  urine  (rontains  much  albumen,  this  interferes  with  the 
process  so  far  tlmt  it  takes  a  long  time  for  the  bubbles  of  gas  to 
subside,  before  the  volume  of  gas  obtained  can  be  accurately  reatl 
off.  It  is  theref<iro  better  in  such  cases  to  remove  as  much  as 
])08sible  of  the  albumen  l)y  heating  the  urine  with  two  or  three 
<lrop8  of  acetic  acid,  filtering,  and  then  using  the  filtrate  in  the 
usual  manner. 

Hamburger  (Zeif,/,  Biol,  xx.  286)  describes  a  method  founded 
on  Quinquand's  (Monit,  Srien,  1882,  2),  in  which  the  decom- 
position of  urea  by  hyi)obromite  is  supposed  to  take  place  thus : — 

CO(NH2)2  +  3Xal5rO=3NaBr  +  2H20  +  CO^  +  :S^ 

This  reaction  reipiires  the  proportion  of  bromine,  sodic  hydrate,  and 
water  to  be  exactly  balanced  or  incorrect  results  will  be  obtained. 
The  author  claims  for  his  method  that  it  will  yield  correct  results, 
no  matter  in  what  projKjrtions  these  reagents  are  present.  It 
i'onsists  essentially  in  adding  an  excess  of  an  alkaline  solution 
of  sodic  hypobromito  (of  known  strength  in  relation  to  standard 
alkaline  arsenite)  to  the  li([uid  containing  urea,  then  destroying 
the  excess  of  hy{)obromite  with  an  excess  of  standar<I  arsenite 
(=3-.  19*8  gm.  As'^0"*  \)ev  liter),  and  finally  determining  the  amount 
of  arsenite  remaining  unoxidized,  by  titration  with  standard  iodine, 
the  amount  of  urea  then  being  readily  calculated  from  the  amount 
of  arsenite  remaining  unoxidized.  The  author's  experiments  as  to 
the  accuracy  of  the  method,  show  that  a  certain  quantity  of  urea 
always  requires  the  same  amount  of  hypobromite,  and  that  the 
<lilution  of  the  solution  of  urea  has  no  effect  on  the  quantity  of 
hypoljromite  employed. 

To  decide  on  the  applicability  of  the  methml  to  natural  urine, 
great  pains  were  taken,  the  urea  being  determined  as  described,  tlie 
effect  of  its  dilution  with  water  studied,  pure  urea  added,  and  the 
whole  estimated,  and  lastly  sodic  hyix)bromite  of  various  degrees  of 
concentration,  employed  ;  the  results  of  the  experiments  are  given 
very  fully  and  tabulated.  On  the  whole,  they  are  very  satisfactory, 
the  differences  falling  well  within  the  limits  of  errors  of  observa- 
tion and  manipulation ;  the  method  may  therefore  be  considered 
applicable  to  the  determination  of  urea  in  urine. 
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6.    Estimation  of  Phosphorio  Acid  (eee  also  §  72). 

The  principle  of  this  method  is  fully  described  at  page  285. 
The  following  solutions  are  required : — 

(1)  Standard  Uranic  acetate  or  nitrate.  1  c.c.=0'005  gnu 
P20^  (see  p.  286). 

(2)  Standartl  Phosphoric  acid  (see  p.  287). 

(3)  Solution  of  Sodic  acetate  (see  p.  286). 

(4)  Solution  of  Potassic  ferrocyanide. — About  1  part  to  20 
of  water,  freshly  prepared. 

• 

Procesi :  50  c.c.  of  the  clear  urine  are  measured  into  a  small  beaker, 
together  with  5  c.c.  of  the  solution  of  sodic  acetate  (if  uranio  nitrate  is  used). 
The  mixture  is  then  warmed  in  the  water  bath,  or  otherwise,  and  the  uranium 
solution  delivered  in  from  the  burette,  with  constant  stirring,  as  long  as  a 
precipitate  is  seen  to  occur.  A  small  X)ortion  of  the  mixture  is  then  removed 
with  a  glass  rod  and  tested  as  described  (p.  286) ;  so  long  as  no  brown  colour 
is  produced,  the  addition  of  uranium  may  be  continued ;  when  the  faintest 
indication  of  this  reaction  is  seen,  the  process  must  be  stopped,  and  the 
amount  of  colour  observed.  If  it  coincides  ^ith  the  original  testing  of  the 
uranium  solution  with  a  similar  quantity  of  fluid,  the  result  is  satisfactory, 
and  the  quantity  of  solution  used  may  be  calculated  for  the  total  phosphoric 
acid  contained  in  the  50  c.c.  of  urine ;  if  the  uranium  has  been  used 
accidentally  in  too  great  quantity,  10  or  20  c.c.  of  the  same  urine  may  be 
added,  and  the  testing  concluded  more  cautiously.  Suppose,  for  example, 
that  the  solution  has  been  added  in  the  right  proportion,  and  19*2  c.c.  used, 
the  50  c.c.  will  have  contained  0096  gm.  phosphoric  acid  (=1*92  per  100). 
With  care  and  some  little  practice  the  results  are  very  satisfactory. 

Earthy  Phosphates. — The  above  determination  gives  the  total  amount 
of  phosphoric  acid,  but  it  may  sometimes  be  of  interest  to  know  how  much  of 
it  is  combined  with  lime  and  magnesia.  To  this  end  100  or  200  c.c.  of  the 
urine  are  measured  into  a  beaker,  and  rendered  freely  alkaline  with  ammonia; 
the  vessel  is  then  set  aside  for  ten  or  twelve  hours,  for  the  precipitate  of 
earthy  phosphates  to  settle :  the  clear  fluid  is  then  decanted  through  a  filter, 
the  precipitate  brought  upon  it  and  washed  with  ammoniacal  water ;  a  hole 
is  then  made  in  the  filter  and  the  precipitate  washed  through ;  the  paper 
moistened  with  a  little  acetic  acid,  and  washed  into  the  vessel  containing 
the  precipitate,  which  latter  is  dissolved  in  acetic  acid,  some  sodic  acetair 
added,  and  the  mixture  diluted  to  about  50  c.c.  and  titrated  as  before 
described ;  the  quantity  of  phosphoric  acid  so  found  is  deducted  from  the 
total  previously  estimated,  and  the  remainder  gives  the  quantity  existing  iu 
combination  with  alkalies. 

6.    Estimation  of  Sulphuric  Acid. 

Standard  Baric  chloride. — A  quantity  of  crystallized  baric 
chloride  is  to  be  powdered,  and  dried  between  folds  of  blotting- 
paper.  Of  this,  30*5  gni.  are  dissolved  in  distilled  water,  and  the 
liquid  made  up  to  a  liter.     1  c.c. =0*01  gm.  of  SO^. 

Solution  of  Sodic  sulphate. — 1  part  to  10  of  water. 

JProcesM :  100  c.c.  of  the  urine  are  poured  into  a  beaker,  a  little  hydro- 
chloric acid  added,  and  the  whole  placed  on  a  small  band  bath,  to  which  heat 
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is  applied.  When  tho  Holution  boils,  the  baric  chloride  is  allowed  to  flow 
in  very  gradually  as  lon}<  m  the  precipitate  is  seen  distinctly  to  increase. 
The  heat  is  removed,  and  the  vessel  allowed  to  stand  still,  so  that  the 
precipitate  may  subside.  Another  drop  or  two  is  then  added,  and  so  on, 
until  the  whole  of  tho  SC  is  precipitated.  Much  time,  however,  is  saved 
by  using  Ueale's  filter,  represented  in  fig.  23.  A  little  of  the  fluid  is  thus 
filtered  clear,  poured  into  a  test-tube,  and  tested  with  a  drop  from  the 
burette;  this  is  afterwards  returned  to  the  beaker,  and  more  of  the  test 
solution  added,  if  necessary.  The  operation  is  repeated  until  the  precipita- 
tion is  complete.  In  order  to  be  sure  that  too  much  of  the  bar>'ta  solution 
has  not  been  added,  a  drop  of  the  clear  fluid  is  added  to  the  solution  of  sodio 
sulphate  placed  in  a  test-tube  or  upon  a  small  mirror  (see  p.  828).  If  no 
precipitate  occurs,  more  baryta  must  be  added ;  if  a  slight  cloudiness  takes 
place,  the  analysis  is  finished ;  but  if  much  precipitate  is  produced,  too  large 
a  quantity  of  the  test  has  been  used,  and  the  analysis  must  be  repeated. 

For  instance,  suppose  that  18*5  c.c.  have  been  added,  and  there 
is  still  a  slight  cloudiness  produced  which  no  longer  increases  after 
the  addition  of  another  ^  c.c,  we  know  that  between  18 J  and 
19  cc.  of  solution  have  been  required  to  precipitate  the  whole  of 
the  sulphuric  acid  present,  and  that  accordingly  the  100  c.c.  of 
urine  contain  between  0*185  and  0*19  gm.  of  S0'\ 


7.    Bstiznation  of  Buffar. 

Fehling's  original  method  is  precisely  the  same  as  described 
in  §  74,  but  the  most  suitable  methods  for  urine  are  Gerrard^s 
(p.  317)  or  the  Pavy-Fehling  (p.  315). 

Trocemfor  the  Cifano^upric  Solution  :  10  c.c.  of  the  clear  urine  arc  diluted 
by  moans  of  a  measuring  flask  to  200  c.c.  with  water,  and  a  large  burette 
filled  with  the  fluid.  To  10  c.c.  of  the  copper  solution  prepared  as  directed 
(p.  817)  are  then  measured  another  10  c.c.  of  copper  and  the  liquid,  the 
vessel  brought  to  boiling ;  the  diluted  urine  is  then  delivered  in  cautiously 
from  the  burette  while  still  boiling,  and  with  constant  stirring,  until  the 
bluish  colour  has  nearly  disappeared.  The  addition  of  the  urine  must  then 
be  continued  more  carefully,  until  the  colour  is  all  removed,  the  burette 
is  then  read  off,  and  the  quantity  of  sugar  in  the  urine  calculated  as 
follows: — 

Suppose  that  40  c.c.  of  the  diluted  urine  have  been  required  to  reduce 
the  10  c.c.  of  copper  solution,  that  quantity  will  have  contained  0*06  gm.  of 
sugar;  but,  the  urine  being  diluted  20  times,  the  40  c.c.  represent  only  2  c.c. 
of  the  original  urine;  therefore  2  c.c.  of  it  contain  005  gm.  of  sugar,  or 
25  parUn  per  lOOl). 

If  the  Pavy-Fehling  solution  is  used  it  is  prepared  as  described 
in  §  74  (p.  315). 

Prooest :  10  c.c.  of  clear  unne  are  diluted  as  just  described,  and  delivered 
cautiously  from  the  burette  into  50  or  100  c.c.  of  the  Pavy-Fehling 
liquid  (previously  heated  to  boiling)  until  the  colour  is  discharged.  The 
calculation  is  the  same  as  before.  100  c.c.  of  Pavy-Fehling  solution 
=-0*05  gm.  glucose. 

The  ammoniacal  fumes  are  best  absorbed  by  leading  an  elastic  tube 
from  the  redaction  flask  into  a  beaker  of  water ;  the  end  of  the  tube  should 
be  plugged  with  a  piece  of  solid  glass  rod,  and  a  transverse  slit  made  in  the 
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elastic  tube  just  above  the  plug.    This  valve  allows  the  vapours  to  escape, 
but  prevents  the  return  of  the  liquid  iu  case  of  a  vacuum. 

Dr.  Edmunds  communicates  the  following  colorimctric  method 
for  Sugiir  in  Urine. 

A  ready  preliminary  test  for  su^r  in  urine  is  essential  for  medical 
practitioners  at  the  bedinide  or  in  the  consulting  room.  An  excellent  and 
handy  test  is  that  of  picric  acid,  as  recommended  by  Sir  George  Johnson, 
but  which  has  not  come  into  general  use  because  of  the  complexity  of  the 
process ;  the  two  solutions  and  the  urine  being  added  together  in  different 
portions.  I  simplify  the  proceeding  by  substituting  soda  for  potash,  which 
gives  a  soluble  salt ;  and  then  making  the  solution  up  so  that  it  and  the 
urine  are  always  added  together  in  equal  volumes :  on  boiling  the  depth  of 
colour  at  once  display^s  the  presence  of  sugar,  unless  only  questionable  traces 
are  present,  a  question  to  decide  which  the  ordinar}'  laboratory'  processes 
must  be  resorted  to. 

For  the  ready  test  I  take  a  solution  containing  0*5  7o  of  pure  picric  acid 
and  1  7o  o^  V^^^  caustic  soda,  made  up  with  freshly  boiled  distilled  water  to 
volume.  Any  convenient  quantity  of  the  urine  is  poured  into  a  test  tube, 
and  to  it  is  added  about  an  equal  volume  of  the  picrate  solution.  On  boiling 
the  mixture  for  one  minute  the  presence  of  an  opaque  red-brown  colour  at 
once  api)ears  if  there  be  as  much  as  1  '*l^  of  sugar  in  the  urine.  Normal 
urine  gives  a  full  transparent  blood-red  colour,  as  can  be  seen  at  once  by 
testing  any  normal  urine.  This  red  colour  is  due  to  the  kreatinine  in  the 
urine,  which  reduces  the  picric  to  picramic  acid,  precisel}'  as  is  done  by 
glucose.  The  standard  of  colour  can  also  be  precisely  realized  by  using 
a  0*2  '/„  solution  of  pure  dextrose  in  distilled  water. 

It  is  most  convenient  to  pour  10  c.c.  of  this  solution  of  dextrose  into  an 
ordinary  25  c.c.  hand-measure,  and  then  to  fill  up  to  20  c.c.  with  the  sodium 
picrate  solution.  On  boiling  this  mixture  in  a  test-tube  for  one  minute, 
a  deep  transparent  blood-red  solution  is  obtained  which  represents  the 
reducing  power  of  the  kreatinine  in  normal  urine.  If,  on  testing  a  urine, 
an  opaque  red-brown  liquid  be  obtained,  the  urine  should  then  be  diluted 
with  distilled  water  to  ten  times  its  volume,  and  the  test  reapplied  to  the 
diluted  urine  in  equal  volumes  as  at  first.  If  this  gives  still  an  opaque-red, 
the  urine  must  be  further  diluted,  and  again  used  in  equal  measured  volumes 
with  the  test  solution.  On  the  other  hand,  if  the  resulting  mixture  is  too 
]mle  the  dilution  must  be  less,  and  the  dilution  fai^tor  multiplied  with  0'2  '*/o 
gives  the  percentage  of  glucose  in  the  urine.  For  precise  colorimetric  work 
the  mixture  should  be  poured  into  standard  tubes  of  equal  diameter  as 
rec^ommended  by  Allen,  and  then  viewed  side  by  side  with  the  decoction 
obtained  by  using  a  0*2  °;^  solution  of  pure  dextrose  in  distilled  water. 

The  solution  above  described  keeps  perfectly,  and  the  process  is  as  handy 
as  that  of  estimating  albumen  in  urine  by  boiling  and  acidulating  with 
normal  acetic  acid. 


8.    Bstimatioxi  of  Uric  Acid. 

A  method  for  the  accurate  estimation  of  this  constituent  of 
urine  has,  up  to  the  present,  not  been  found.  The  difficulty  is 
caused  by  the  complicated  character  of  the  urine  itself,  and  how- 
ever accurate  the  process  may  be  with  the  acid  in  a  separate  pure 
state,  it  becomes  far  less  reliable  when  such  method  is  applied  to 
normal  or  abnormal  urine.  The  precipitation  of  the  acid  in 
combination  with  some  metal,  such  as   silver  or  copper,  carries 
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with  it  also  the  so-called  alloxuric  hases,  and  the  separation  by 
hydrochloric  acid  contaminates  the  precipitate  with  colouring  and 
other  matters  which  militate  against  its  accurate  estimation  with 
permanganate.  I  am,  however,  of  the  opinion  that  the  latter 
methoil  is  even  now  the  best  for  a  rapid  comparative  estimation 
of  this  constituent. 

Procein :  200  c.c.  of  the  urine  are  put  into  an  evaporating  basiu  with 
a  few  drops  of  concentrated  hydrochloric  acid,  and  evaporated  on  the  water 
bath  to  about  half  the  volume ;  it  is  then  transferred  to  a  closely-stoppered 
flask,  together  with  any  slight  precipitate  which  may  have  formed.  5  c.c. 
of  concentrated  hydrochloric  acid  are  then  added,  and  the  mixture  violently 
shaken  for  a  few  minutes.  It  is  then  allowed  to  settle  for  half  an  hour  and 
.the  liquid  passed  through  a  small  Alter  of  smooth,  hard  texture,  taking  care 
to  pass  as  little  as  possible  of  the  sediment  to  the  filter.  About  20  c.c.  of 
cold  water  are  then  added  to  the  precipitate  in  the  flask,  which  is  in  turn 
passed  through  the  filter.  The  filter  is  then  also  washed  with  about  the 
same  quantity  of  water;  a  hole  is  then  made  at  its  apex,  and  the  small 
quantity  of  adhering  j)recipitato  washed  into  the  original  fiask.  Finally 
about  10  c.c.  of  concentrate  solution  of  caustic  potash  (1  :  10)  are  added 
to  the  contents  of  the  flask  and  slightly  warmed  until  a  clear  solution  is 
obtained.  The  mixture  is  then  diluted  with  about  100  c.c.  of  cold  water, 
20  c.c.  of  dilute  sulphuric  arid  added  (1  :  5),  and  the  titration  with  W 
permanganate  carried  out  in  the  usual  manner. 

No  absolute  weight  of  uric  acid  can  be  calculated  from  the 
results,  but  Mohr  assumes  that  each  c.c.  of  y^  permanganate 
=0*0075  gm.  of  uric  acid ;  *  the  process  may,  however,  be  made 
available  for  pathological  purposes  by  comparing  the  results  from 
time  to  time  with  the  urine  from  the  same  person. 

The  following  recent  method  has,  in  my  opinion,  a  better  claim 
to  accuracy  as  respects  the  actual  amount  of  uric  acid  present  in 
any  given  specimen  of  urine  than  any  other.  It  is  based  on  the 
fact  that  an  alkaline  solution  of  uric  acid  reduces  Feb  ling 
solution  in  the  same  way  as  glucose.  The  method  is  worked 
out  by  K.  Riegler  (Z.  a.  C,  1896,  31),  who  found  that  an  average 
of  many  experiments  gave  0*8  gm.  of  reduced  copper  for  1  gm, 
of  uric  acid.  The  acid  is  first  separated  from  the  urine  under 
examination  as  ammonic  urate  in  the  following  manner : — 

Procea :  200  c.c.  of  urine  are  mixed  with  10  c.c.  of  a  saturated  solution 
of  Modic  carbonate,  allowed  to  stand  for  half  an  hour,  and  filtered  from  the 
precipitated  phosphates.  The  preoipitate  is  washed  with  50  c.c.  of  hot 
water,  and  to  the  filtrate  and  wash-water  20  c.c.  of  a  saturated  solution  of 
ammonic  chloride  added.  The  liquid  is  well  stirred,  and  after  five  hours 
filtered,  preferably  through  a  Schleicher  and  Sohiill  filter,  No.  5d7, 
11  cm.  The  precipitate  is  washed  with  50  c.c.  of  water,  and  then  introduced 
by  means  of  a  jet  from  a  washing-bottle  into  a  800  c.c.  beaker.  Several 
drops  of  potash  are  added  to  clear  the  liquid,  then  60  c.c.  of  Fehliug's 
solution,  and  the  whole  well  stirred.  The  beaker  is  then  heated  on  a  wire 
gauze  until  the  liquid  boih>,  the  boiling  being  continued  for  five  minutes. 

*  This  fifsnre  has  been  verified  bj  F.  O.  Hopkins  (Allen's  Chemittry  of  Urint, 
p.  171). 
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"When  the  precipitate  has  subsided,  the  liquid  is  filtered  through  a  small 
tough  61ter  (Schleicher  and  Schiill,  Ko.  590,  9  cm.),  the  precipitate 
well  washed,  and  dissolved  in  20  c.c.  of  nitric  acid  (sp.  gr.  1*1),  the  filter 
being  washed  with  60  c.c.  of  water. 

To  this  solution  dry  powdered  sodic  carbonate  is  added  little  by  little 
until  there  U  a  permanent  turbidity.  The  liquid  is  then  cleared  by  the 
cautious  addition  of  dilute  sulphuric  acid,  and  made  up  to  100  c.c.  25  c.c. 
of  this  are  placed  in  a  100  c.c.  flask,  1  gm.  of  potassic  iodide  in  10  c.c.  of 
water  added,  allowed  to  stand  for  ten  minutes,  then  titrated  with  standard 
thiosulphate  solution  (1  c.c. =0*002  gm.  uric  acid),  using  starch  as  the 
indicator.  To  the  total  amount  of  uric  acid  found  in  the  200  c.c.  of  urine, 
an  additional  0030  gm.  should  be  added  to  allow  for  the  solubility  of  the 
ammouic  urate  in  unne. 

The  standard  thiosulphate  solution  is  made  by  diluting  1 26  c.c 
of  jjj  solution  to  500  c.c.     The  reaction  is : — 

2Cu(N03)2  +  4KI =Cu2I2  +  4KN03  +  P. 

The  reduced  cuprous  oxide  may  also  be  weighed  directly  or  reduced 
to  metallic  copper,  as  in  the  estimation  of  sugar.  In  the  latter 
case  the  amount  of  copper,  multiplied  by  the  factor  1*25,  gives 
the  corresponding  amount  of  uric  acid. 

Dr.  Edmunds  sends  me  the  following  pertinent  remarks  as  to 
the  estimation  of  Uric  Acid. 

1.  Chemical  uric  acid  differs  entirely  in  its  habitudes  from  urinary  uric 
acid.  Its  crystalline  form  is  always  unifQrm  as  chemical  uric  acid — colour- 
less— ^and  quite  different  from  urinary  uric  acid,  which,  as  got  from  urine,  is 
always  coloured  yellow-brown,  and  is  protean  in  its  crystalline  forms. 

2.  The  problem  of  titrating  chemical  uric  acid — or  pure  uric  acid — is 
not  quite  the  same  as  that  of  titrating  the  uric  acid  in  urine.  I  am  not 
yet  able  to  say  in  what  the  difference  consists,  and  I  have  often  crystollized 
pure  uric  acid  out  of  iron  and  other  solutions,  but  have  never  been  able  to 
colour  uric  acid,  nor  to  get  it  to  crystallize  again  like  urinary  uric  acid. 
The  only  way  in  which  I  have  succeeded  is  to  add  an  alkaline  solution  of 
chemical  urate  of  potash  to  a  urine  out  of  which  I  had  precipitated  all  ii» 
uric  acid  with  HCl.  In  that  way  I  found  that  the  uric  acid  took  up  from 
the  urine  something  which  gave  it  the  colouration  and  the  protean  crystalline 
form  of  urinary  uric  acid.  I  have  thought  that  urinary  uric  acid  is  really 
a  combination  of  chemical  uric  acid  with  some  animal  base  or  colourant 
of  urine. 

3.  To  purify  urinary  uric  acid  it  should  be  dissolved  (and  thrown  out  by 
dilution)  in  H^O^  three  successive  times.  In  titrating  this  with  per- 
manganate I  am  not  prepared  to  give  you  the  reaction,  but  the  practical 
point  is  that,  as  the  permanganate  goes  in  by  drops,  it  is  instantly  decolour- 
ized as  long  as  there  is  any  uric  acid  present,  and  the  end-point  is  marked 
quite  distinctly  (if  you  are  on  the  look  out  for  it)  by  a  certain  hang  or 
hesitation  in  the  decolourization  of  the  permanganate. 

4.  Fokker's  process,  as  modified  by  Hopkins,  is,  I  think,  the  best. 
The  saturation  with  ahtolutely  pure  NH*Cl  of  an  acid  urine  (which  should 
be  f  reshl}'  passed  and  filtered  at  120*")  throws  out  all  the  uric  acid  as  ammonic 
urate.  This  is  well  set  out  in  Allen's  ChemUtry  of  Urine,  p.  168,  et  aeq. 
But  much  of  the  work  does  not  say  whether  the  processes  have  been  worked 
out  on  the  chemical  uric  acid  or  on  the  real  "uric  acid/'  as  we  call  it. 
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freshly  obtained  from  urine.  What  we  have  to  deal  with  in  medicine  is  that 
coloured  protean  crystalline  substance  which  comes  out  constantly  from 
urines  on  adding  pure  strong  HCl  and  setting  aside  for  forty-ei^ht  hours. 
That  is  what  we  get  in  the  uric  acid  diathesis,  in  gout,  and  in  calculi. 

For  the  estimation  of  uric  acid  I  set  aside  100  c.c.  of  fresh  urine,  filtered 
at  about  120"  F.,  and  acidify  it  with  5  "/^  of  pure  strong  hydrochloric  acid. 
At  the  end  of  forty-eight  hours  a  deposit  of  unc  acid  will  be  seen  at  the 
bottom  of  the  tube,  and  from  this  a  very  good  idea  is  gained  of  the  uric 
acid  in  the  urine.  If  closer  quantification  be  wanted,  the  uric  acid  is 
collected  on  a  small  fine  filter  paper,  washed  with  a  few  centimeters  of  ice- 
cold  distilled  water,  then  dried  and  weighed,  with  deduction  for  the  filter 
paper,  and  with  addition  for  the  uric  acid  dissolved  in  the  105  c.c.  of  acid 
urinary  mother-liquor.  The  amount  of  urio  acid  contained  in  the  105  c.c. 
of  liquid  would  depend  upon  the  temperature  before  and  at  the  time  of 
filtration.  At  33**  F.  it  would  contain  only  some  2  m.gm.,  at  68**  F.  it  would 
contain  6  m.gm.,  at  212*'  F.  it  would  contain  62*5  m.gm. 


0.     Estimation   of  Lime   and  Kagnesia. 

ProcexM:  100  c.c.  of  the  urine  are  precipitated  with  ammonia,  the 
precipitate  re-dissolved  in  acetic  acid,  and  sufficient  ammonic  oxalate  added 
to  precipitate  all  the  lime  present  as  oxalate.  The  precipitate  is  allowed  to 
settle  in  a  w.*rm  place,  then  the  clear  liquid  passed  through  a  small  filter, 
the  precipitate  brought  upon  it,  washed  with  hot  water,  the  filtrate  and 
washings  set  aside,  then  the  precipitate,  together  with  the  filter,  pushed 
through  the  funnel  into  a  flask,  some  sulphuric  acid  added,  the  liquid  freely 
diluted,  and  titrated  with  permanganate,  precisely  as  in  §  52 ;  each  c.c.  of 
v»f  permanganate  required  represents  0*0028  gm.  of  CaO. 

Or  tlie  following  method  may  be  adopted  : — 

The  precipitate  of  calcic  oxalate,  after  being  washed,  i«»  dried  and,  together 
with  the  filter,  ignited  in  a  platinum  or  porcelain  crucible,  by  which  means 
it  is  converted  into  a  mixture  of  calcic  oxide  and  carbonate.  It  is  then 
transferred  to  a  flask  by  the  aid  of  the  washing-bottle,  and  an  excess  of  j^ 
nitric  acid  delivered  in  with  a  pipette.  The  amount  of  acid,  over  and  above 
what  is  required  to  saturate  the  lime,  is  found  by  y'V  caustic  alkali,  each  c.c. 
of  acid  being  equal  to  00028  gm.  of  CaO. 

In  examining  urinary  sediment  or  calculi  for  calcic  oxalate,  it  is 
first  treated  with  caustic  potash  to  remove  uric  acid  and  organic 
matter,  then  dissolved  in  sulphuric  acid,  freely  diluted,  and  titrated 
with  permanganate  ;  each  c.c.  of  y^  solution  represents  0*0054  gm. 
of  calcic  oxalate. 

Kagnesia. — The  fdtrate  and  washings  from  the  precipitate  of 
calcic  oxalate  are  eva])orated  on  the  water  Imth  to  a  small  bulk, 
then  made  alkaline  with  ammonia,  soilic  phosphate  added,  and  set 
aside  for  8  or  10  hours  in  a  cool  place,  that  the  magnesia  may 
se])arato  as  ammonio-magne«ic  phosphate.  The  supernatant  liquid 
is  then  passed  through  a  small  filter,  the  precipitate  brought  upon 
it,  washed  with  ammoniacal  water  in  the  cold,  and  dissolved  in 
acetic  acid,  then  titrated  with  uranium  solution,  as  in  §  72  ;  each 
c.c.  of  solution  required  represents  0*002815  gm.  of  magnesia. 
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10.    Axnxnonia. 

The  only  method  hitherto  applied  to  the  determination  of 
ammoniti  in  urine  is  that  of  Sell  losing,  wliich  consists  in  placing 
a  measured  quantity  of  the  urine,  to  which  milk  of  lime  is 
l)reviously  added,  under  an  air-tight  Injll-glass,  together  with  an 
open  vessel  containing  a  measured  quantity  of  titrated  acid.  In 
the  course  of  from  24  to  36  hours  all  the  ammonia  will  have 
passed  out  of  the  urine  into  the  acid,  which  is  then  titrated  with 
standard  alkali  to  find  the  amount  of  ammonia  al)sorhed. 

One  great  ohjection  to  this  method  is  the  length  of  time  required, 
since  no  heating  must  be  allowed,  urea  l)eing  decomposed  into  free 
ammonia,  when  heated  with  alkali.  There  is  also  the  uncertainty 
as  to  the  completion  of  the  process ;  and  if  the  vessel  l)e  opened 
before  the  absorption  is  perfect,  the  analysis  is  sj)oiled.  The 
following  plan  is  recommended  as  in  most  cases  suitable  : — When 
a  solution  containing  salts  of  ammonia  is  mixed  with  a  measured 
quantity  of  free  fixed  alkali  of  known  strength,  and  l)oiled  until 
ammoniacal  gas  ceases  to  be  evolved,  it  is  found  that  the  resulting 
liquid  has  lost  so  much  of  the  free  alkali  as  corresponds  to  the 
ammonia  evolved  (^  19) ;  that  is  to  say,  the  acid  which  existed  in 
combination  with  the  ammonia  in  the  original  liquid  has  simply 
changed  places,  taking  so  much  of  the  fixed  alkali  (potash  or  soda) 
as  is  equivalent  to  the  ammonia  it  has  left  to  go  free.  In  the  case 
of  urine  being  treated  in  this  way,  the  urea  will  also  be  decomposed 
into  free  ammonia,  but  happily  in  such  a  way  as  not  to  interfere 
with  the  estimation  of  the  original  amount  of  ammoniacal  salts. 
The  decomposition  is  such  that,  while  free  ammonia  is  evolved  from 
the  splitting  up  of  the  urea,  carbonate  of  fixed  alkali  (say  potash) 
is  formed  in  the  boiling  liquid,  and  as  this  reacts  equally  as  alkaline 
as  though  it  were  free  potash,  it  does  not  interfere  in  the  slightest 
degree  with  the  estimation  of  the  original  ammonia. 

Process :  100  c.c.  of  the  urine  are  exactly  neutralized  with  *,y  soda  or 
])otasli,  as  for  tlie  estimation  of  free  acid ;  it  is  then  put  into  a  flask  capable 
of  holdin)^  five  or  six  times  the  quantity,  10  c.c.  of  normal  alkaU  added,  and 
the  whole  brought  to  boiling,  taking  care  that  the  bladders  of  froth  which 
at  first  form  do  not  boil  over.  After  a  few  minutes  these  subside,  and  the 
boilinj?  proceeds  quietly.  MTien  all  ammoniacal  fumes  are  dissipated,  the 
lamp  is  removed,  and  the  flask  allowed  to  cool  slightly  ;  the  contents  then 
emptied  into  a  beaker,  and  normal  nitric  acid  delivered  in  from  the  burette 
with  consfcuit  stirring,  until  a  fine  glass  rod  or  small  feather  dip])ed  in  the 
mixture  and  brought  in  contact  with  violet-coloured  litmus  paper  produces 
neither  a  blue  nor  a  red  spot.  The  number  of  c.c.  of  normal  acid  are 
deducted  from  the  10  c.c.  of  alkali,  and  the  rest  calculated  as  ammonia. 
1  c.c.  of  alkali  =  0'017  gm.  of  ammonia. 

Example :  100  c.c.  of  urine  were  taken,  and  required  7  c.c.  of  -^^  alkali 
to  saturate  its  free  acid ;  10  c.c.  of  normal  alkali  were  then  added,  and  the 
mixture  boiled  until  a  piece  of  moistened  red  litmus  paper  was  not  turned 
blue  when  held  in  the  steam  ;  4*5  c.c.  of  normal  acid  were  afterwards  required 
to  saturate  the  free  alkali ;  the  quantity  of  ammonia  was  therefore  equal  to 
5*5  c.c,  which,  multiplied  by  001 7,  gave  00935  gm.  in  1000  of  urine. 
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It  must  be  borne  in  mind,  that  the  plan  just  described  is  not  applicable  to 
urine  which  has  already  suffered  decomposition  by  ajre  or  other  circnmstances 
so  as  to  contain  carbonate  of  ammonia ;  in  this  case  it  would  be  preferable  to 
adopt  Schli'Ksi  n^'s  method ;  or  whore  no  other  free  alkali  is  present,  direct 
titration  with  normal  acid  may  be  adopted. 

11.     Estimation   of  Free   Aoid. 

The  acidity  of  urine  is  dimbtlosa  owing  U)  viirialdc?  substances, 
anion*;;  the  most  i)ronunent  of  which  appear  to  l»e  acid  sodic  ])lio8- 
phate  and  lactic  acid.  Other  free  organic  acids  are  probably  in 
many  cases  j)resent.  Under  these  circumstances,  the  degree  of 
acidity  ciinnot  l)e  placed  to  tlie  account  of  any  particular  Inxly ; 
nevertheless,  it  is  frequently  desirable  to  ascertain  its  amount, 
which  is  l)est  done  as  foHows  : — 

100  c.c.  of  urine  arc  measured  into  a  beaker,  and  j^  alkali  delivered  in 
from  a  small  burette,  until  a  thin  prhss  rod  or  feather,  moistened  with  the 
mixture  and  streaked  across  some  well-prepared  violet  litmus  paper,  produces 
no  chanj^^e  of  colour ;  the  de^o^e  of  acidity  is  then  re^stered  as  being  equal 
to  the  quantity  of  ■I'c  alkali  used. 

12.    Bstixnation  of  Albuznen. 

Bodeker  has  worked  out  a  metho<l  of  titration  which  gives 
approximate  r<\sults  when  the  quantity  of  allnimen  is  not  too 
snmll,  say  not  leas  than  2  jkjf  cent.  The  princijde  is  l)ased  on  the 
fact  that,  j)ota88ic  ferrocyanide  completely  precipitates  albumen 
from  an  acetic  acid  solution  in  the  atomic  proj)ortion8  of  211 
ferrocyanide  to  1612  albumen. 

Standard  Solution  of  Ferrocyanide.-- 1*309  gm.  of  the  jmre 
salt  in  a  liter  of  distilled  water.  1  c.c.  of  the  solution  precipitates 
0*01  gm.  of  albumen.     It  must  l)e  fn?shly  prei)ared. 

ProcfMs :  60  c.c.  of  the  clear  filtered  urine  are  mixed  with  50  cc.  of 
ordinary  commercial  acetic  acid,  and  the  fluid  put  into  a  burette.  Five  or 
six  small  filters  are  then  chosen,  of  close  texture,  and  jtut  into  as  many 
funnels,  then  moistened  with  a  few  drops  of  acetic  acid,  and  filled  up  with 
lK)ilin.i;  water  ;  by  this*  means  the  subsequent  clear  filtration  of  the  mixture 
is  considerably  facilitated.  10  c.c.  of  the  ferrocyanide  solution  are  then 
measure<l  into  a  beaker,  and  10  c.c.  of  the  urinary  fluid  from  the  burette 
added,  well  shaken,  and  poured  upon  filter  No.  1.  If  the  fluid  which 
passes  through  is  bright  and  clear  with  yellowish  colour,  the  ferrocyanide 
will  l)c  in  excess,  and  a  drop  of  the  urine  added  to  it  will  produce  a  cloudiness. 
On  the  other  hand,  if  not  enough  ferrocyanide  has  been  added,  the  filtrate 
will  be  turbid,  and  pass  through  very  slowly  ;  in  this  case,  frequently  both 
the  forrcH-yanide  and  the  urine  will  produce  a  turbidity  when  added.  In 
testing  the  filtrate  for  excess  of  ferrocyanide,  care  must  be  taken  not  to  add 
too  nuich  of  the  urine,  lest  the  precipitate  of  hydroferrocyanide  of  albumen 
should  dissolve  in  the  excess  of  albumen. 

Accordin;^  to  the  results  obtained  from  the  first  filter,  a  second  trial  is 
made,  increasing;  the  quantity  of  urine  or  ferrocyanide  half  or  as  much 
a^in,  and  so  until  it  is  found  that  the  solution  first  shown  to  be  in  excess  is 
reversed.  A  trial  of  the  mean  between  this  quantity  and  the  previous  one 
will  bring  the  estimation  closer,  so  that  a  final  test  may  be  decisive. 
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Example:  50  c.c.  of  urine  passed  by  a  patient  suffering  from  B right's 
disease  were  mixed  with  the  like  quantity  of  acetic  acid,  and  tested  as 
follows : — 


Infiltrate 

Urine. 

Ferrocyanide. 

Urine 

Ferrocyanide 
gave 

1. 

10  c.c. 

10  c.c. 

0 

prec. 

2. 

10  „ 

20     „ 

prec. 

0 

3. 

10  „ 

15     „ 

0 

prec. 

4. 

10  „ 

17-5  „ 

0 

faint  prec. 

5. 

10  „ 

18    „ 

0 

0 

Therefore  the  10  c.c.  of   diluted  urine  (  =  5  c.c.  of   the  original 
secretion)  contained  0-18  gm.  albumen,  or  36  parts  per  1000. 

18.     Estimation   of  Soda   and   Potash. 

60  c.c.  of  urine  are  mixed  with  the  same  quantity  of  haryta  solution, 
allowed  to  stand  a  short  time,  and  filtered ;  then  80  c.c.  (  =  40  c.c.  urine) 
measured  into  a  platinum  dish  and  evaporated  to  dryness  in  the  water  hath ; 
the  residue  is  then  ignited  to  destroy  all  organic  matter,  and  when  cold 
dissolved  in  a  small  quantity  of  hot  water,  ammonic  carbonate  added  so  lon^ 
as  a  precipitate  occurs,  filtered  through  a  small  filter,  the  precipitate  washed, 
the  filtrate  acidified  with  hydrochloric  acid  and  evaporated  to  dryness,  then 
cautiously  heated  to  expel  all  ammoniacal  sa\U.  The  residue  is  then  treated 
with  a  little  water  and  a  few  drops  each  of  ammonia  and  ammonic  carbonate; 
filtered,  the  filter  thoroughly  washed,  the  filtrate  and  washings  received  into 
a  tared  platinum  dish,  then  evaporated  to  dryness,  ignited,  cooled,  and 
weighed. 

By  this  means  the  total  amount  of  mixed  sodic  and  potassic 
chlorides  is  obtained.  The  proportion  of  each  is  found  by  titrating 
for  the  clilorine  as  in  §  41,  and  calculating  as  directed  on  page  141. 

14.    Estimation   of  Total   Kitrogren. 

This  can  now  l>e  easily  accom])li8lied  ])y  KjeldahTs  method 
(§  19.5)  and  is  especially  serviceable,  since  it  has  l^en  found  that 
the  results  of  the  titration  method  for  urea  by  Liebig's  process, 
either  in  its  original  way  or  by  subsequent  modifications,  cannot 
give  the  true  data  for  calculating  tlie  nitrogen  in  any  given  specimen 
of  urine. 

FrocesM  :  5  c.c.  of  urine  of  average  concentration  are  measured  into 
a  flask  holding  about  300  c.c,  together  with  20  c.c.  of  sulphuric  acid,  then 
heated  to  boiling,  and  the  heat  continued  until  all  vapour  and  gases  are 
given  off  and  the  fluid  possesses  a  clear  yellow  tint.  25  to  30  minutes 
generally  suftices.  The  flask  is  then  suffered  to  cool,  the  liquid  diluted,  and 
distilled  with  caustic  soda  and  zinc  as  described  on  page  85. 

AKAIiTSIS    OF    KATTXBAI.    WATBBS    AND    SBWAOB. 

§  88.  The  analysis  of  natural  waters  and  sewage  has  for  a  long 
period  received  the  attention  of  chemists,  but  until  lately  no  methoils 
of  examination  have  been  produced  which  could  1x3  said  to  satisfy 
the  demands  of  those  who  have  been  interested  in  the  subject 


§    88.  WATER   ANALYSIS.  399 

from  various  points  of  view.  The  researches  of  Frank  land,  and 
Armstrong,  Miller,  Wanklyn,  Tidy,  Bischof,  Warington, 
and  others,  have,  however,  now  brought  the  whole  subject  into 
a  more  satisfactory  form,  so  that  it  may  fairly  l)e  said  that,  as  regards 
accuracy  of  chemical  processes,  or  interpretation  of  results  from 
a  chemical  and  sanitary  point  of  view,  very  little  addition  is 
required.  Considerable  space  will  be  devoted  to  the  matter  here  ; 
and  as  most  of  the  i)rocesses  are  now  volumetric,  and  admit  of 
ready  and  accurate  results,  the  general  subject  naturally  falls  with- 
in the  scope  of  this  work.  Care  has  l>een  taken  to  render  the 
treatment  of  the  matter  practical  and  trustworthy. 

The  following  processes  mainly  originated  by  Frankland  and 
Armstrong  necessitate  the  use  of  peculiar  materials  and 
apparatus:  the  preparation  and  arrangement  of  these  will  be 
described  at  some  length  previous  to  the  introduction  of  the 
general  subject 

THB  FBBFABATION  OF  BBAQENTS. 

A.    Beaffents  required  for  the :  Bstlmatlon  of  Kltroffen  present  as 

Axnxnonia. 

(a)  Xessler's  Solution. — Dissolve  62*5  gm.  of  potassic  ^odide 
in  about  250  c.c.  of  distilled  water,  set  aside  a  few  cc,  and  add 
gradually  to  the  larger  part  a  cold  saturated  solution  of  corrosive 
sublimate  until  the  mercuric  iodide  precipitated  ceases  to  bo 
rediasolved  on  stirring.  When  a  pennanent  precipitate  is  obtained, 
restore  the  reserved  potassic  iodide  so  as  to  redissolve  it,  and 
continue  adding  corrosive  sublimate  very  gradually  until  a  sliglit 
precipitate  remains  undissolved.  (The  small  (quantity  of  jwtassic 
iodide  is  set  aside  merely  to  enable  the  mixture  to  be  made  rai)idly 
without  danger  of  adding  an  excess  of  corrosive  sublimate.) 

Next  dissolve  150  gm.  of  solid  potassic  hydrate  (that  usually 
sold  in  sticks  or  cakes)  in  150  c.c.  of  distilled  water,  allow  the 
solution  to  cool,  add  it  gradually  to  the  above  solution,  and  make 
up  with  distilled  water  to  one  liter. 

On  standing,  a  brown  precipitate  is  dei)osited,  and  the  solution 
becomes  clear,  and  of  a  pale  greenish-yellow  colour.  It  is  ready 
for  use  as  soon  as  it  is  j>erfectly  clear,  and  should  be  decanted  into 
a  smaller  bottle  as  required. 

(fi)  Standard  Solution  of  Ammonic  chloride. — Dissolve  1*9107 
gm.  of  pure  dry  ammonic  chloride  in  a  liter  of  distilled  water ;  of 
this  take  100  c.c,  and  make  up  to  a  liter  with  distilled  water. 
The  latter  solution  will  contain  ammonic  chloride  corresponding  to 
0 "00005  gm.  of  nitrogen  in  each  c.c.  In  use  it  should  be  measured 
from  a  narrow  burette  of  10  cc.  capacity  divided  into  tenths. 

[If  it  is  desired  to  estimate  "ammonia"  rather  than  "nitroqen  an 
ammonia,^*  take  1*5735  )?m.  of  ammonic  chloride  instead  of  l'(U07  gm. 
1  c.c.  will  then  correspond  to  0*00005  gm.  of  ammonia  (NH').j 
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(y)  Sotlic  carbonate, — Heat  anhydrous  soclic  carbonate  to 
redness  in  a  platinum  crucible  for  about  an  hour,  taking  care  not 
t^)  fuse  it.  While  still  warm  rub  it  in  a  clean  mortar  so  as  to 
break  any  lumps  which  may  have  been  formed,  and  transfer  to 
a  clean  dry  wide-mouthed  stoppered  bottle. 

(2)  Water  free  from  Ammonia. — If,  when  1  c.c.  of  Xessler's 
solution  (A.  a)  is  added  to  100  c.c.  of  distilled  water  in  a  glass 
cylinder,  standing  on  a  white  surface  (see  Estimation  of  Ammonia), 
no  trace  of  a  yellow  tint  is  visible  after  five  minutes,  the  water  is 
sufficiently  pure  for  use.  As,  however,  this  is  rarely  tlie  case,  the 
following  process  must  usually  be  adopted.  Distil  fnmi  a  large 
glass  retort  (or  better,  from  a  copper  or  tin  vessel  holding  15 — 20 
liters)  ordinary  distilled  water  which  has  been  rendered  distinctly 
alkaline  by  addition  of  sodic  carbonate.  A  glass  Liebig's 
condenser,  or  a  clean  tin  worm  should  be  used  to  condense  the 
vapour ;  it  should  be  connected  to  the  still  by  a  short  india-rubber 
joint.  Test  the  distillate  from  time  to  time  with  Xessler's 
solution,  as  above  described,  and  when  free  from  ammonia  collect 
the  remainder  for  use.  The  distillation  must  not  be  carried  to 
dryness.  Ordinary  water  may  be  used  instead  of  distilled  water, 
but  it  occasionally  continues  for  some  time  to  give  ofif  traces  of 
amm<»nia  by  the  slow  decomposition  of  the  organic  matter  present 
in  it. 

B.    Beafirents  required  for  the  Estiznation  of  Organic  Carbon  and 

Kitrogren. 

(a)  Water  free  from  Ammonia  and  Organic  Matter. — Distilled 
water,  to  which  1  gm.  t)f  potassic  hydrate  and  0*2  gm.  of  potassic 
permanganate,  per  liter  have  been  added,  is  boiled  gently  for  about 
twenty-four  hours  in  a  similar  vessel  to  that  used  in  preparing 
water  free  from  ammonia  (A.  ^),  an  inverted  condenser  being  so 
arranged  as  to  return  the  condensed  water.  At  the  end  of  that 
time  the  condenser  is  adjusted  in  the  usual  way,  and  the  water 
carefully  distilled,  the  (listillate  being  tested  at  intervals  for 
ammonia,  as  in  i)reparing  A.  3.  When  ammonia  is  no  longer 
found  the  remainder  of  the  distillate  may  be  collected,  taking  care 
to  stop  short  of  dryness.  The  neck  of  the  retort  or  still  should 
pi)int  slightly  upwards,  so  that  the  joint  which  connects  it  with 
the  condenser  is  the  highest  point.  Any  particles  carried  up 
mechanically  will  then  run  back  to  the  still,  and  not  contaminate 
the  distillate.  The  water  thus  obtained  should  then  be  rendered 
slightly  acid  with  sulphuric  acid,  and  re-distilled  from  a  clean 
vessel  for  use,  again  stopping  short  of  dryness. 

(/3)  Solution  of  Sulphurous  acid. — Sulphurous  anhydride  is 
prepared  by  the  action  of  pure  suli)lmric  acid  upon  cuttings  of 
clean  metallic  copper  which  have  been  digested  in  the  cold  witk 
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<!oncentrated  sulphuric  acid  for  twenty-four  hours,  and  then  washed 
with  water.  The  gas  is  made  to  bubble  through  water  to  remove 
mechanical  inii)urities,  and  then  conducteil  into  water  free  from 
ammonia  and  organic  matter  (B.  a)  until  a  saturated  solution  is 
obtained. 

(y)  Solution  of  Hydri(!  sodic  sulphite. — Sulphurous  anhydride, 
])repared  and  washed  as  above,  is  passed  into  a  solution  of  sodic 
<!arbonate  made  by  dissolving  ignited  sodic  carlwnate  (A.  y)  in 
water  free  from  ammonia  and  organic  matter  (B.  o).  The  gas  is 
passed  until  carbonic  anhydride  ceases  to  be  evolved. 

(o)  Soluti<m  of  Ferrous  chloride. — Pure  crystallized  ferrous 
j^ulphate  is  dissolved  in  water,  precipitated  by  sodic  hydrate,  the 
]>recipitate  well  washed  (using  pure  water  B.  a  for  the  last 
washings),  and  dissolved  in  the  smallest  ]M)ssibIe  quantity  of  ])ure 
Jiydrochloric  acid.  Two  or  three  drops  must  not  contain  an 
appreciable  quantity  of  ammonia.  It  is  convenient  to  keep  the 
solution  in  a  ]x>ttle  with  a  grountl  glass  cap  instead  of  a  st<^>pper, 
■SO  that  a  small  dropping  tube  may  ]ye  kept  in  it  always  ready 
for  use. 

(c)  Cupric  oxide. — l*repared  by  heating  to  redness  with  free 
4iccess  of  air,  on  the  hearth  of  a  reverberatory  furnace,  or  in 
i\  muffle,  copper  wire  cut  into  short  pieces,  or  copjier  sheets  cut  into 
i*trips.  That  which  has  been  made  l>y  calcining  the  nitrate  cannot 
Ik*,  used,  as  it  appears  to  be  imj possible  to  expel  the  last  traces  of 
nitrogen.  After  use,  the  oxide  should  bo  extr.icted  by  breaking 
the  combustion  tul)e,  rejecting, the  portion  which  was  mixed  with 
the  substance  examined.  As  soon  as  a  sufficient  quantity  has  been 
recovered,  it  should  lie  recalcined.  This  is  most  conveniently 
<lone  in  an  iron  tube  about  30  m.m.  in  internal  diameter,  and  about 
tlie  same  length  lus  the  combustion  furnace.  <!)ne  end  should  be 
K^losed  with  a  cork,  the  cupric  oxide  poured  in,  the  tube  placed  in 
the  combustion  furnace  (which  is  tilted  at  an  angle  of  al)out  15°, 
so  as  to  proiluce  a  <!urrent  of  air),  the  ct>rk  removed,  and  the  tube 
kept  ;;t  a  red  heat  for  al>out  two  hours.  In  a  Hofmann's  gas 
furnace,  Avith  iive  rows  of  burners,  two  such  tubes  may  l>e  heated 
at  the  same  time  if  long  clay  burners  are  placetl  in  the  outer  rows, 
and  short  ones  in  the  three  inner  rows.  If  the  furnace  has  but 
three  rows  of  burners,  a  rather  smaller  iron  tube  must  be  used. 
AVhen  cold,  the  oxide  can  easily  be  extracted,  if  the  heat  has  not 
been  excessive,  by  means  of  a  stout  iron  wire,  and  should  be  ke]>t 
iu  a  clean  dry  stopjKjred  bottle.  Each  jmrcel  thus  calcined  should 
invariably  be  assayed  by  filling  with  it  a  combustion  tulje  of  the 
usual  size,  and  treating  it  in  every  respect  as  an  ordinary  combustion. 
It  should  yield  only  a  very  minute  bubble  of  gas,  which  should  be 
almost  wholly  absorbed  by  potassic  hydrate.  (The  quantity  of 
<J(J*-  found  should  not  corresjwnd  to  more  tlian  0*00005  gm.  of  C, 
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otherwise  the  oxide  must  be  recalcined).  The  finer  portions  of  the 
oxide  should,  after  calcining,  be  sifted  out  by  means  of  a  sieve  of 
clean  copper  gauze,  and  reserved  for  use  as  described  hereafter. 

New  cupric  oxide  as  obtained  from  the  reverberatory  furnace 
should  be  assayed,  and  if  not  sufficiently  pure,  as  is  most  likely  the 
case,  calcined  as  above  described,  and  assayed  again. 

(()  Metallic  Copper. — Fine  copper  gauze  is  cut  into  strips 
about  80  nLm.  wide,  and  rolled  up  as  tightly  as  possible  on 
a  copper  wire  so  as  to  form  a  compact  cylinder  80  m.m.  long.  This 
is  next  covered  with  a  tight  case  of  moderately  thin  sheet  copper, 
the  edges  of  which  meet  without  overlapping.  The  length  of  the 
strip  of  gauze,  and  the  consequent  diameter  of  the  cylinder,  must 
be  regulated  so  that  it  will  fit  easily,  but  not  too  loosely  in  the 
combustion  tubes.  A  sufficient  number  of  these  cylinders  being 
prepared,  a  piece  of  combustion  tube  is  filled  with  them,  and  they 
are  heated  to  redness  in  the  furnace,  a  current  of  atmospheric  air 
being  passed  through  them  for  a  few  minutes  in  order  to  burn  oif 
organic  impurity,  and  coat  the  copi)er  gauze  superficially  with 
oxide.  A  current  of  hydrogen,  dried  by  passing  through  strong 
sulphuric  acid,  is  then  substituted  for  the  air,  and  a  red  heat 
maintained  until  hydrogen  issues  freely  from  the  end  of  the  tube. 
It  is  then  allowed  to  cool,  the  current  of  hydrogen  l^eing  continued, 
and  when  cold  the  copper  cylinders  arc  removed,  and  kept  in 
a  stoppered  bottle.  After  being  used  several  times  they  must  be 
heated  in  a  stream  of  hydrogen  as  before,  and  are  then  again  ready 
for  use.     The  heating  in  air  need  not  be  repeated. 

(ij)  Solution  of  Potassic  bichromate. — This  is  used  as  a  test 
for  and  to  al)Surb  sulphurous  anhydride  which  may  be  present  in 
the  gas  obtained  by  combustion  of  the  water  residue.  It  should 
be  saturated,  and  does  not  require  any  special  attention.  The 
yellow  neutral  chromate  may  also  be  used,  Init  must  be  rendered 
slightly  acid,  lest  it  should  absorb  carbonic  as  well  as  sulphurous 
anhydride. 

(0)  Solution  of  Potassic  hydrate. — A  cold  saturated  solution, 
made  by  dissolving  solid  potassic  hydrate  in  distilled  Avater. 

(t)  Solution  of  Pyrogallic  acid. — A  cold  saturated  solution, 
made  by  dissolving  in  distilled  water  solid  pyrogallic  acid  obtained 
by  sublimation. 

(k)  Solution  of  Cuprous  chloride. — A  saturated  solution  of 
cupric  chloride  is  rendered  strongly  acid  with  hydrochloric  acid, 
a  quantity  of  metallic  cop])er  introduced  in  the  form  of  wire  or 
turnings,  and  the  whole  allowed  to  stand  in  a  closely  stoppered 
bottle  until  the  solution  becomes  colourless. 

(X)  Oxygen. — BIoav  a  bulb  of  al)Out  30  c.c.  capacity  at  the  end 
of  a  piece  of  combustion  tube,  and  draw  out  the  tube  so  that  its 
internal  diameter  for  a  length  of  about  30  m.m.  is  about  3  m.m. 
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Tliis  is  ilono  in  order  that  tlie  capacity  of  the  apparatus  apart  from 
tire  bulb  may  be  as  small  as  i)ossible.  Cut  the  tube  at  the  wide 
part  about  10  m.m.  from  the  point  at  which  the  narrow  tul)e 
commences,  thus  leaving  a  small  funnel-shaped  mouth.  Then 
introduce,  a  little  at  a  time,  dried,  coarsely  ixDwdered,  i)otassic 
chlorate  until  the  bulb  is  full.  Cut  off"  the  funnel,  and,  at 
a  distance  of  100  m.m.  from  the  bulb,  bend  the  tube  at  an  angle 
of  45",  and  at  10  m.m.  from  the  end  l)end  it  at  right  angles  in  tlie 
opposite  direction.  It  then  forms  a  retort  and  delivery  tube  in 
one  piece,  and  must  be  adjusted  in  a  mercury  trough  in  the  usual 
manner,  taking  CAro  that  the  end  does  not  dip  deeper  than  alx)ut 
20  m.m.  below  the  surface,  as  otherwise  the  pressure  of  so  great 
a  column  of  mercury  might  destroy  the  bulb  when  softened  by 
heat.  On  gently  heating,  the  potassic  chlorate  fuses  and  evolves 
oxygen.  The  escaping  gas  is  collected  in  test  tubes  alx^ut  150  m.m. 
long  and  20  m.m.  in  diameter,  rejecting  the  first  60  or  80  c.c, 
which  contain  the  nitrogen  of  tlio  air  originally  in  the  bulb  retort. 
Five  or  more  of  these  tubes,  accoriling  to  the  quantity  of  oxygen 
re(^uired,  are  collected  and  removed  from  the  mercury  trough,  in 
very  small  beakers,  the  mercury  in  whicli  should  be  about  10  m.m. 
above  the  end  of  the  test  tu]>e.  Oxygen  may  be  kept  in  this  way 
for  any  desired  length  of  time,  care  being  taken,  if  the  temperature 
falls  considerably,  that  there  is  sufficient  mercury  in  the  beaker  to 
keep  the  mouth  of  the  test  tube  covered.  About  10  c.c.  of 
the  gas  in  the  first  tube  collected  is  transferred  by  decantation  in 
a  mercury  trough  to  another  tube,  and  treated  with  potassic  hydrate 
and  pyrogallic  acid,  when,  if  after  a  few  minutes  it  is  absorbetl, 
with  the  exception  of  a  very  small  bubble,  the  gas  in  that  and  thc^ 
remaining  tubes  may  be  considered  i)ure.  If  not,  the  first  tube  is 
rejected,  and  the  second  tested  in  the  same  way,  and  so  on. 

(/i)  Hydric  metaphosphate. — The  glacial  hydric  metaphosphate, 
usually  sold  in  sticks,  is  generally  free  from  ammonia,  or  very 
nearly  so.  A  solution  should  be  made  containing  about  100  gm. 
in  a  liter.  It  should  Iks  so  far  free  from  ammonia  as  that  10  c.c. 
do  not  contiiin  an  appreciable  quantity. 

(v)  Calcic  phosi)hate. — Prejmred  by  precipitating  common 
disodic  phosphate  with  calcic  chloride,  washing  the  j)recipitate 
with  water  by  decantation,  drying,  and  heating  to  redness  for 
an  hour. 


C.    Seaffents  required  for  the  Setiination  of  Nitrogen  present  as 
Nitrates  and  Nitrites  (Or urn's  process). 

(a)     Concentrated   Sulphuric   acid. — Tliis  must  be  free   from 
nitrates  and  nitrites. 

(/J)     Potassic  permanganate. — Dissolve  about  10  gm.  of  cr}s- 
tallized  |X)tassic  i>ermanganatc  in  a  liter  of  distilled  water. 
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(y)     Sodic   carbonate. — Dissolve   about  10  gm.  of  dry,  or  an 

equivalent   quantity    of    crystallized   sodic   carbonate  free    fr6m 
nitrates,  in  a  liter  of  distilled  water. 


For  the  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in  Waters 
containing  a  very  large  quantity  of  Soluble  Katter,  but  little 
Organic  Nitrogen. 

(o)     ^letallic  Aluminium. — As  thin  foil. 

(c)  Solution  of  Sotlic  hydrate. — Dissolve  100  gm.  of  solid 
sodic  hydrate  in  a  liter  of  distilled  water ;  when  cold,  put  it  in 
a  tall  glass  cylinder,  and  introduce  about  100  sq.  cm.  of  aluminium 
foil,  which  must  be  kept  at  the  bottom  of  the  solution  by  means  of 
a  glass  rod.  When  the  aluminium  is  dissolved,  boil  the  solution 
briskly  in  a  jiorcelain  basin  until  about  one-third  of  its  volume  has 
been  evaporated,  allow  to  cool,  and  make  up  to  its  original  volume 
with  water  free  from  ammonia.  The  absence  of  nitrates  is  thus 
ensured. 

(()  Broken  Pumice. — Clean  pumice  is  broken  in  pieces  of  the 
size  of  small  peas,  sifted  free  from  dust,  heated  to  redne^  for 
al)Out  an  hour,  and  kept  in  a  closely  stoppered  bottle. 

(rj)  Hydrochloric  acid  free  from  Ammonia. — If  the  ordmary 
pure  acid  is  not  free  from  ammonia,  it  should  be  rectified  from 
sulphuric  acid.  As  only  two  or  tliree  drops  are  used  in  each 
experiment,  it  will  be  sufficient  if  that  quantity  does  not  contain 
an  ap2)reciable  proportion  of  ammonia. 

For  the  Estimation  of  Nitrites  by  Griess's  Process. 

(6)  !Meta-phenylenc-diamine. — A  half  per  cent,  solution  of  tlie 
base  in  very  dilute  sulphuric  or  hydrochloric  acid.  The  base  alone 
is  not  permanent.  If  too  highly  coloured,  it  may  be  bleached  by 
pure  animal  charcoal. 

(t)  Dilute  Sidphuric  acid. — One  volume  of  acid  to  two  of 
water. 

(k-)  Standard  Potassic  or  Sodic  nitrite. — Dissolve  0*406  gm. 
of  pure  silver  nitrite  in  boiling  distilled  water,  and  add  pure 
potassic  or  sodic  chloride  till  no  further  precipitate  of  silver 
chloride  occui's.  Make  uj)  to  a  liter ;  let  tlie  silver  chloride  settle, 
and  dilute  100  c.c.  of  the  clear  liquid  to  a  liter.  It  should  be  kept 
in  small  stoppered  bottles  completely  tilled,  and  in  the  dark. 

1  c.c.  =  0-01  m.gm.  X-O'-K 

The  colour  produced  by  the  reaction  of  nitrous  acid  on  meta- 
phenylene-diamine  is  triamidoazo-benzene,  or  "  Bismarck  brown." 
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D.    Beaffents  required  for  the  Estimation  of  Chlorine  present  as 

Chloride. 

(a)  Standard  Solution  of  Silver  nitrate. — Dissolve  2*3944 
gni.  of  pure  recrystallized  silver  nitrate  in  distilled  water,  and 
make  up  to  a  liter.  In  use  it  is  convenient  to  measure  it  from 
a  burette  whicli  holds  10  c.c.  and  is  divided  into  tenths. 

(/3)  Solution  of  Pofciasic  chromate. — A  strong  solution  of  pure 
neutral  potassic  chromate  free  frtmi  chlorine.  It  is  most  con- 
veniently kept  in  a  bottle  similar  to  that  used  for  the  solution  of 
ferrous  chloride  (B.  ^). 

B.     Beaffents  required  for  determination  of  Hardness. 

(a)  Standard  Solution  of  Calcic  chloride. — Dissolve  in  dilute 
hydric  chloride,  in  a  i)latinum  dish,  0*2  gm.  of  jjure  crystallized 
calcitc,  adding  the  acid  gradually,  and  having  the  dish  covered 
with  a  glass  plate,  to  prevent  loss  by  spirting.  When  all  is 
dissolved,  evaporate  to  dryness  on  a  water  bath,  add  a  little  distilled 
water,  and  again  evai)orate  to  dryness.  Repeat  the  evai>oration 
several  timc«  to  ensure  (complete  expulsion  of  hydric  chloride. 
Liistly,  dissolve  the  calcic  chloride  in  distilled  water,  and  make  uj) 
to  one  liter. 

(/3)  Standard  Solution  of  Potassic  soap. — Rub  together  in 
a  mortar  150  parts  of  letvd  plaster  (EmpList.  Plunibi  of  the 
dniggists)  and  40  parts  of  dry  potassic  carbonate.  Wlien  they  are 
fairly  mixed,  add  a  little  metliylated  spirit,  and  continue  triturating 
until  an  uniform  creamy  mixture  is  obtained.  Allow  to  stiind  for 
some  hours,  then  throw  on  to  a  filter,  and  wash  several  times  with 
methylated  spirit.  The  strong  solution  of  soap  thus  obtained 
must  be  diluted  with  a  mixture  of  one  volume  of  distilled  water 
ami  two  volumes  of  methylated  spirit  (considering  the  soap  solution 
as  spirit),  until  exactly  14*25  c.c.  arc  retpiired  to  form  a  j^ermanent 
lather  with  i}0  c.c.  of  the  standard  calcic  chloride  (E.  a),  the 
experiment  being  performed  i)recisely  as  in  determining  the  hanlness 
of  a  water.  A  i*reliminary  assay  should  be  made  with  a  small 
(piantity  of  the  strong  soap  solution  to  ascertiiin  its  strength. 
After  making  the  solution  approximately  of  the  right  strength, 
allow  it  to  stand  twenty-four  hours ;  and  then,  if  necessary,  filter 
it,  and  afterwards  adjust  its  strength  accurately.  It  is  better  to 
make  the  solution  a  little  too  strong  at  first,  and  dilute  it  to  the 
exact  strength  recpiircd,  as  it  is  easier  to  add  alcohol  accurately 
than  strong  soap  solution. 

THE    ANALYTICAL   PBOCBSSES. 

§  89.  To  form,  for  sanitary  puri)oses,  an  opinion  of  the  character 
of  a  natural  water  or  sewage,  it  will  in  most  cases  suffice  tf^ 
tletermine  the  nitrogen  as  ammonia,  organic  car1x)n,  organic  nitrogen. 
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total  solid  matter,  nitrogen  as  nitrates  and  nitrites,  suspended 
matter,  chlorine,  and  hardness;  and  in  the  following  pages  the 
estimation  of  these  will  be  considered  in  detail,  and  then,  more 
briefly,  that  of  other  impurities. 

The  method  of  estimating  nitrogen  as  ammonia  is  substantially 
that  described  by  the  late  W.  A.  Miller  {J.  C.  S.  [2]  iii.  125), 
and  that  for  estimating  organic  carbon  and  nitrogen  was  devised 
by  Frank  land  and  Armstrong,  and  described  by  them  in  the 
same  journal  ([2]  vi.  77  et  seq.). 

1.  Colleotion  of  Samples. — The  points  to  be  considered  under 
this  head  are,  the  vessel  to  be  used,  the  quantity  of  water  required, 
and  the  method  of  ensuring  a  truly  representative  sample. 

Stoneware  bottles  should  be  avoided,  as  they  are  apt  to  affect  the 
hardness  of  the  water,  and  are  more  diflicult  to  clean  than  glass. 
Stoppered  glass  bottles  should  be  used  if  possible ;  those  known 
as  **  Winchester  Quarts,"  which  hold  about  two  and  a  half  liters 
each,  are  very  convenient  and  easy  to  procure.  One  of  these  will 
contain  suflicient  for  the  general  analysis  of  sewage  and  largely 
polluted  rivers,  tw^o  for  well  waters  and  ordinary  rivers  and  streams, 
and  three  for  lakes,  and  mountain  springs.  If  a  more  detailed 
analysis  is  required,  of  course  a  larger  quantity  must  be  taken. 

If  corks  must  be  used,  they  should  be  Tieic^  and  well  washed 
with  the  water  at  the  time  of  collection. 

In  collecting  from  a  well,  river,  or  tank,  plunge  the  bottle  itself, 
if  possible,  below  the  surface ;  but  if  an  intermediate  vessel  must 
be  used,  see  that  it  is  thoroughly  clean  and  well  rinsed  with  the 
water.  Avoid  the  surface  water  and  also  any  deposit  at  the 
bottom. 

If  the  sample  is  taken  from  a  pump  or  tap,  take  care  to  let  the 
water  which  has  l)een  standing  in  the  pump  or  pipe  run  off  before 
collecting,  then  allow  the  stream  to  flow  directly  into  the  bottle. 
If  it  is  to  represent  a  town  water-supply,  take  it  from  the  service 
pipe  commiuucating  directly  with  the  street  main,  and  not  from 
a  cistern. 

In  every  case,  first  fill  the  bottle  coinpletelt/  with  the  water  thus 
expelling  all  gases  and  vapours,  empty  it  again,  rinse  once  or  twice 
carefully  with  the  water,  and  then  fill  it  nearly  to  the  stopper,  and 
tie  down  tightly. 

At  the  time  of  collection  note  the  source  of  the  sample,  whether 
from  a  deep  or  shalloAv  well,  a  river  or  spring,  and  also  its  local 
name  so  that  it  may  be  clearly  identified. 

If  it  is  from  a  well,  ascertain  the  nature  of  the  soil,  subsoil,  and 
water-bearing  stratimi ;  the  depth  and  diameter  of  the  well,  its 
distance  from  neighbouring  cesspools,  drains,  or  other  sources 
of  pollution  ;  whether  it  passes  through  an  impervious  stratum 
l)efore  entering  the  water-bearing  stratum,  and  if  so,  whether  the 
sides  of  the  well  above  this  are,  or  are  not,  water-tight. 
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If  the  sample  is  from  a  river,  ascertain  the  distance  from  the 
source  to  the  jKjint  of  collection ;  whether  any  jwDllution  takes 
l>lace  above  that  point,  and  the  geological  nature  of  the  district 
through  Avhich  it  flows. 

If  it  is  from  a  spring,  take  note  of  the  stratum  fr<^>m  which  it 
issues. 

2.  Preliminary  OlMMrrations. — In  order  to  ensure  uniformity, 
the  bottle  should  invariably  lie  well  shaken  before  taking  out 
a  portion  of  the  sample  for  any  purpose.  The  colour  should  be 
observed  as  seen  in  a  tall,  narrow  cylinder  standing  upon  a  wliite 
surface.  It  is  well  to  compare  it  with  distilled  water  in  a  similar 
vessel.  The  totfte  and  otlouv  arc  most  easily  detected  when  the 
water  is  heated  to  30''— 35^  C. 

Before  commencing  the  quantitative  analysis,  it  is  necessary  to 
decide  whether  the  water  shall  be  filtered  or  not  l)efore  analysis. 
This  must  dei)end  on  the  purjiose  for  which  the  examination  is 
undertaken.  As  a  general  rule,  if  the  suspended  matter  is  to  be 
detennined,  the  water  should  bo  filtered  Ijefore  the  estimation  of 
organic  carl)on  and  nitrogen,  nitrogen  as  ammonia,  and  total  solid 
residue ;  if  otherwise,  it  should  merely  be  shaken  up.  If  the 
suspended  matter  is  not  determined,  the  appearance  of  the  water, 
as  whether  it  is  clear  or  turbid,  should  be  noted.  This  is 
conveniently  done  when  measuring  out  the  quantity  to  be  used  for 
the  estimation  i>f  organic  Ciirlwn  and  nitrogen.  If  the  measuring 
flask  be  held  between  the  eye  and  a  good  source  of  light,  but  with 
an  opaque  object,  such  as  a  window  Imr,  in  the  line  drawn  from 
the  eye  through  the  centre  of  the  flask,  any  suspended  particles 
will  be  seen  well  illuminated  on  a  dark  ground. 

Water  derived  from  a  newly  sunk  well,  or  which  has  Ijeen 
rendered  turbid  by  the  introduction  of  innocuous  mineral  matter 
from  some  temjwrary  and  exceptional  cause  sjiould  l>e  filtered,  but 
the  suspended  matter  in  most  such  cases  need  not  Ije  determined. 
The  introduction  of  organic  matter  of  any  kind  would  almost 
always  render  the  sample  useless. 

8.  Bstimation  of  Nitroffen  as  Ammonia. — Place  al>out  50  c.c.  of 
the  water  in  a  glass  cylinder  a]x>ut  150  m.m.  high,  and  of  alxjut 
70  c.c.  capacity,  standing  u|X)n  a  white  glazed  tile  or  white  paper. 
Add  al)Out  1  c.c.  of  Kessler's  solution  (A.  a),  stir  with  a  clean 
glass  rod,  and  allow  to  stand  for  a  minute  or  so.  If  the  colour 
then  seen  does  not  exceed  in  intensity  that  produced  when  0*1  c.c. 
of  the  standanl  amnionic  chloride  (A.  /S)  is  added  to  50  c.c.  of 
water  free  from  ammonia  (a.  J),  and  treated  in  the  same  way, 
half  a  liter  of  the  water  should  be  used  for  the  estimation.  If 
the  colour  l)e  darker,  a  proportionately  smaller  quantity  should  be 
taken  ;  but  it  is  not  convenient  to  use  less  than  20  or  25  c.c. 

If  it  has  been  decided  that  the  water  should  be  filtered  before 
analysis,  care  must  be  taken,  shoidd  it  contain  only  a  small  quantity 
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of  ammonia,  that  the  filter  paper  is  free  from  ammonia.  If  it  is 
not,  it  must  be  steei>ed  in  water  free  from  ammonia  for  a  day  or  so, 
and  when  used,  the  first  portion  of  the  filtrate  rejected.  WcuHnttf/ 
with  water,  even  if  many  times  repeated,  is  generally  ineffectual. 
When  a  large  quantity  of  ammonia  is  present,  as  in  highly  polluted 
water  and  sewage,  any  ammonia  in  the  filter  paper  may  be  neglected. 
A  moderate  quantity  of  suspended  matter  may  also  generally  be 
neglected  with  safety,  oven  if  the  water  is  to  bo  filtered  in 
estimating  organic  carbon  and  nitrogen  and  total  solid  matter. 

The  water,  filtered  or  unfiltered  as  the  case  may  be,  should  be 
carefully  measured  and  introduced  into  a  capacious  retort,  connected 
by  an  india-rubber  joint  with  a  Lie  big's  condenser,  the  volume 
being  if  necessary,  made  up  to  about  400  c.c.  with  water  free  from 
ammonia.  Add  about  1  gm.  of  sodic  carbonate  (A.  y),  and  distil 
rapidly,  applying  the  lamp  flame  directly  to  tlie  retort,  and  collect 
the  distilkte  in  a  small  glass  cylinder,  such  as  is  described  above. 
Wlien  about  50  c.c.  have  distilled  into  the  first  cylinder,  put  it  aside 
and  collect  a  second  50  c.c,  and  as  soon  as  that  is  over  remove  the 
lamp,  and  add  to  the  second  distillate  about  1  c.c.  of  ^essler's 
solution,  stir  with  a  clean  glass  rod,  and  allow  to  stand  on  a  white 
tile  or  sheet  of  paper  for  five  minutes.  To  estimate  the  ammonia 
present,  measure  into  a  similar  cylinder  as  much  of  the  standard 
ammonic  chloride  solution  as  you  judge  by  the  colour  to  be  present 
in  the  distillate ;  make  it  up  Avith  water  free  from  ammonia  to  the 
same  volume,  and  treat  with  Xessler's  solution  in  precisely  the 
same  way.  If,  on  standing,  the  intensity  of  colour  in  the  two 
cylinders  is  equal,  the  quantity  of  ammonia  is  also  equal,  and  this 
is  Iniotm  in  the  trial  cylinder.  If  it  is  not  equal,  another  trial 
must  be  made  with  a  greater  or  less  quantity  of  ammonic  chloride. 
The  ammonic  cliloride  must  not  be  added  after  the  Kessler's 
solution,  or  a  turbidity  will  1x5  produced  which  entirely  prevents 
accurate  comparison.  '  If  the  ammonia  in  the  second  distillate  does 
not  exceed  that  in  0*2  c.c.  of  the  standard  ammonic  chloride,  the 
distillation  need  not  be  proceeded  with  any  further,  but  if  otherwise, 
successive  (luantities  must  be  distilled  and  tested  until  ammonia 
ceases  to  be  found.  If  the  ammonia  in  the  second  distillate 
corresponds  to  0*4  c.c.  or  less  of  the  ammonic  (jhloride,  that  in  the 
first  may  be  estimated  in  the  same  way ;  but  if  the  second  contains 
a  greater  (quantity  of  annuonia,  the  first  must  be  measured,  and  an 
aliquot  part  taken  and  diluted  to  about  50  c.c.  with  water  free  from 
ammonia,  as  it  is  likely  to  cx)ntain  so  much  ammonia  as  to  give 
a  colour  too  intense  to  admit  of  easy  comparison.  A  colour  produced 
by  more  than  2  c.c.  of  ammonic  chloride  cannot  be  conveniently 
employed.*     When,  as  in  the  case  of  sewage,  a  large  quantity  of 

*  In  order  to  insure  absolute  accuracy  in  Nesslerizing  it  is  necessary  tliat  the  distilluto 
should  be  of  the  same  temperature  as  the  standard  liquid  made  b}'  uiixingr  the  ammonic 
chloride  with  distilled  water.  Hazen  and  Clark  {Ainer.  Chftn.  Jour.  xiL  425)  foiiud 
that  the  water  Nesdlerized  from  a  metal  condenser,  immediately  after  ooUection,  gave 
a  lower  fi^oire  than  when  the  two  liquids  were  allowed  to  assume  the  same  temperature. 
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ammonia  is  known  to  be  present,  it  saves  trouble  to  distil  al>out 
100  CO.  at  first,  and  at  once  take  an  aliquot  part  of  that,  as  above 
descTil)ed.  If  the  liquid  spirts  in  distilling,  arrange  the  retort  so 
that  the  joint  between  the  retort  and  condenser  is  the  highest  point ; 
the  distillation  will  proceed  rather  more  slowly,  but  anything 
carried  up  mechanically  will  be  returned  to  the  retort.  When  the 
ammonia  has  l>cen  estimated  in  all  the  distillates,  add  together  the 
corresponding  volumes  of  amnionic  chloride  solution ;  then,  if  500 
c.c.  have  been  employed  for  the  exi)eriment,  the  number  of  c.c.  of 
ammonic  chloride  used  divided  by  100  will  give  the  quantity  of 
nitrogen  as  ammonia  in  100,000  parts  of  the  water ;  if  less  than 
that,  say  //  c.c.  have  l)een  used,  multiply  the  volume  of  ammonic 
chloride  by  5  and  divide  by  //. 

Ilefore  commencing  this  oj)eration,  ascertain  that  the  retort  and 
condenser  are  free  from  annuonia  by  distilling  a  little  common 
water  or  distilled  water  with  soilic  carlx)nate  until  the  distillate  is 
free  from  ammonia.  Remove  the  residue  then,  and  after  each 
estimation,  by  means  of  a  glass  syphon,  without  disconnecting  the 
retort.  If  a  small  quantity  of  water  is  to  Ixi  distilled,  the  residue 
or  part  of  it  from  a  previous  experiment  may  be  left  in  the  retort, 
instead  of  adding  water  free  from  ammonia,  care  being  taken  that 
the  previous  distillation  was  continued  until  ammonia  ceased  to  be 
evolved. 

AVhen  urea  is  present  the  evolution  of  ammonia  is  long  continued, 
owing  to  the  decom|>osition  of  the  urea.  In  such  cases,  collect  the 
distillate  in  similar  quantities,  and  as  soon  as  the  first  rapid 
diminution  in  the  amount  of  ammonia  has  ceased,  neglect  the 
remainder,  as  this  would  be  due  almost  wholly  to  decomposition  of 
the  urea. 

4.  Estimation  of  Orffanio  Carbon  and  Nitrogen. — This  should  l>e 
commenced  iis  soon  as  the  nitrogen  as  ammonia  has  been  determined. 
If  that  is  less  than  0*05  part  per  100,000,  a  liter  should  be  used ; 
if  more  than  0*05,  and  less  than  0*2,  half  a  liter ;  if  more  than 
0'2  and  less  than  1*0,  a  (piarter  of  a  liter;  if  more  than  1*0, 
a  hunilred  c.c.  or  less.  These  quantities  are  given  as  a  guide  in 
dealing  Avith  ordinary  waters  and  sewage,  but  subject  to  variation 
in  exceptional  cjises.  A  quantity  which  is  too  large  should  be 
avoidetL  as  entailing  needless  trouble  in  evaporation,  and  an 
inconveniently  bulky  residue  and  resulting  gas.  If  it  is  to  be 
filtered  liefore  analysis,  the  same  precaution  as  to  filter  j)aper  must 
l)e  taken  as  for  estimation  of  nitrogen  as  ammonia,  the  same  filter 
being  generally  used. 

Having  metisured  the  quantity  to  be  used,  add  to  it  in  a  capacious 
fiask  15  c.c.  of  the  solution  of  sulphurous  acid  (B.  /3),  and  boil 
briskly  for  a  few  seconds,  in  order  to  decompose  the  carbonates 
present.  Evaporate  to  dryness  in  a  hemispherical  glass  dish,  al)out 
a  decimeter  in  diameter,  and  preferably  without  a  lip,  supported  in 
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a  copper  dish  with  a  flange  (fig.  56  d  e).  The  flange  has  a  diameter 
of  about  14  centimeters,  is  sloped  slightly  towards  the  centre,  and 
has  a  rim  of  about  5  m.m.  turned  up  on  its  edge,  except  at  one 
point,  where  a  small  lip  is  provided.  The  concave  portion  is  made 
to  fit  the  contour  of  the  outside  of  the  glass  dishes,  and  is  of  such 
a  depth  as  to  allow  the  edge  of  the  dish  to  rise  al)out  15  m.m. 
above  the  flange.  The  diameter  of  the  concavity  at  /  is  about 
90  m.m.,  and  the  depth  at  g  about  30  m.m.  A  thin  glass  shade, 
such  as  is  used  to  protect  statuettes,  about  30  centimeters  high, 
stands  on  the  flange  of  the  copper  dish,  its  diameter  l)eing  such  as 
to  fit  without  difficulty  on  the  flange,  and  leave  a  sufficient  space 
between  its  interior  surface  and  the  edge  of  the  glass  dish.  The 
copi)er  dish  is  supported  on  a  steam  or  water  bath,  and  the  water 
as  it  evaporates  is  condensed  on  the  interior  of  the  glass  shade,  runs 
down  into  the  copper  dish,  filling  the  space  between  it  and  the 
glass  dish,  and  then  passes  off  by  the  lip  at  the  edge  of  the  fiange, 
a  piece  of  tape  held  by  the  edge  of  the  glass  shade,  and  hanging 
over  the  lip,  guiding  it  into  a  vessel  placed  to  receive  it. 

We  are  indebted  to  Bischof  for  an  improved  apparatus  for 
evaporation,  which  by  keeping  the  dish  always  full  by  a  self-acting 
contrivance,  permits  the  operation  to  proceed  without  attention 
during  the  night,  and  thus  greatly  reduces  the  time  required. 
This  form  of  apparatus  is  shown  in  fig.  56.  The  glass  dish  d  is 
supported  by  a  copper  dish  e  as  described  above,  and  resting  on 
the  latter  is  a  stout  copper  ring  //  wiiich  is  slightly  conical,  being 
115  m.m.  in  diameter  at  the  top  and  130  at  the  bottom.  At  the  top 
is  a  narrow  flange  of  about  10  m.m.  with  a  vertical  rim  of  about 
5  m.m.  The  diameter  across  this  flange  is  the  same  as  the  diameter 
of  the  disli  e,  so  that  tlie  glass  shade  i  will  fit  securely  either  on  h 
or  p.     The  height  of  the  conical  ring  is  al)Out  80  m.m. 

The  automatic  supply  is  accomplished  on  the  well-known  prin- 
ciple of  the  bird  fountain,  by  means  of  a  delivery  tube  b,  the  upi)er 
end  of  which  is  enlarged  to  receive  the  neck  of  the  flask  a  con- 
taining the  Avater  to  be  evaporated,  the  joint  being  carefully  ground 
so  as  to  be  water-tight.  The  upper  vertical  part  of  />,  including 
this  enlargement,  is  about  80  m.m.  in  length,  and  the  sloping  part 
about  260  m.m.  with  a  diameter  of  13  m.m.  The  lower  end 
which  goes  into  the  dish  is  again  vertical  for  about  85  m.m.,  and 
carries  a  side  tube  r  of  alx)ut  3  m.m.  internal  diameter,  by  which' 
air  enters  the  delivery  tulje  whenever  the  level  of  the  water  in  the 
dish  falls  ImjIow  the  j>oint  at  which  the  side  tul>e  joins  the  delivery 
tube.  The  distance  from  this  point  to  the  end  of  the  tube  which 
rests  on  the  bottom  of  the  dish  at  //,  and  is  there  somewhat  con- 
tricted,  is  alx)ut  30  m.m.  The  side  tul)e  e  should  not  be  attached 
on  the  side  next  the  flask,  as  if  so  the  inclined  part  of  h  passes 
over  its  mouth  and  renders  it  very  difficult  to  clean.  Mills 
j)revents  circulation  of  liquid  in  the  sloping  part  of  the  tulxj  by 
bending   it  into  a  slightly  undulating  form,  so  that   permanent 
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bubbles  of  air  are  caught  and  detained  at  two  points  in  it  The 
flask  a  should  hold  about  1200  c.c.  and  have  a  rather  narrow  neck 
— about  20  m.m. — and  a  flat  bottom.  A  small  slot  is  cut  in  the 
upper  edge  of  the  copper  ring  h  to  accommodate  the  delivery  tube, 
as  sliown  in  flg.  55.  Its  size  and  shaj^e  should  be  such  that  the 
tube  does  not  touch  the  edge  of  the  glass  shade  t,  lest  water 
running  down  the  inner  surface  of  the  shade  should  find  its  way 
down  the  outside  of  the  delivery  tube  into  the  dish.     This  being 


Fig.  55. 


Fig.  56. 


avoided,  the  opening  should  be  as  closely  adjusted  to  the  size  of  the 
delivery  tube  as  can  l)e.  The  copper  dish  e  should  rest  on  a  steam 
or  water  bath,  so  that  only  the  spherical  part  is  exposed  to  the 
heat 

After  the  addition  of  the  15  c.c.  of  sulphuric  acid,  the  water 
may  either  Ije  boiled  in  the  flask  a,  or  in  another  more  capacious 
one,  and  then  transferred  to  a.  It  should  be  allowed  to  cool 
before  the  delivery  tube  is  adjusted,  otherwise  the  joint  between 
the  two  is  liable  to  become  loose  by  expansion  of  the  cold  socket 
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of  the  delivery  tulx;,  after  being  placed  over  the  hot  neck  of 
the  Hask. 

The  gltiss  dish  liaving  been  placed  on  the  copper  dish  e,  the 
conical  ring  h  is  fitted  on,  and  the  ilask  with  the  delivery  tube 
attached  inverted,  as  shown  in  fig.  56,  a  h.  This  should  not  b<> 
done  too  hurriedly,  and  with  a  little  care  ther?  is  no  risk  of  loss. 
The  flask  is  supjwrted  either  by  a  large  wooden  filtering  stand,  the 
ring  of  which  has  had  a  slot  cut  in  it  to  allow  the  neck  of  the  flask 
to  i)ass,  or  by  a  clamp  applied  to  the  ujiper  end  of  the  deliver}' 
tube  where  the  neck  of  the  flask  fits  in.  The  delivery  tube  having 
been  placed  in  the  slot  made  to  receive  it,  tlie  glass  shade  is  fitted 
on,  and  the  evaporation  allowed  to  proceed.  "When  all  the  water 
has  passed  from  the  flask  into  the  dish,  the  flask  and  delivery  tube, 
and  the  conical  ring  //  may  be  removed,  and  the  glass  shade  placed 
directly  on  the  dish  e  until  the  evaporation  is  complete.  If  the 
water  is  expected  to  contain  a  large  quantity  of  nitrates,  two  or 
three  drops  of  chloride  of  iron  (b.  I)  should  be  added  to  the  first 
dishful ;  and  if  it  contains  little  or  no  carbonate,  one  or  two  c.c. 
of  hydric  sodic  sulphide  (B.  y).  The  former  facilitates  the  destruc- 
tion of  nitrates  and  nitrites,  and  the  latter  furnishes  base  for  the 
sulphuric  acid  produced  by  oxidation  of  the  sulphurous  acid,  and 
which  would,  if  free,  decompose  the  organic  matter  when  concen- 
trated by  evaporation.  An  estimate  of  the  quantity  of  carbonate 
present,  sufticiently  accurate  for  this  purpose,  may  genemlly  l)o 
made  by  observing  the  (juantity  of  precipitiite  tlirown  down  on 
addition  of  sodic  carbonate  in  the  detennination  of  nitrogen  as 
ammonia. 

AVith  sewages  and  very  impure  waters  (containing  upwartls  of  0*1 
part  of  nitrogen  as  annnonia  per  100,000  for  example)  such  great 
precaution  is  hardly  necessar}',  and  the  <|uantity  to  evaporate  being 
small,  the  evaporation  may  be  conducted  in  a  glass  dish  placecl 
directlv  over  a  steam  bath,  and  covered  with  a  drum  or  disc  of  filter 
paper  made  by  stretching  the  pai)er  by  means  of  two  hoops  of  light 
split  cane,  one  thrust  into  the  other,  the  paper  being  between  them, 
in  the  way  often  employed  in  making  dialyscrs.  This  protects  the 
contents  of  the  dish  from  dust,  and  also  to  a  great  extent,  from 
ammonia  which  may  l>e  in  the  atmosphere,  and  which  would  impair 
the  accuracy  of  the  results.  iVs  a  gbiss  dish  would  lie  in  some  danger 
of  breaking  by  the  introduction  of  cold  water,  the  flask  containing 
the  Avater  being  evaiK)rated  in  this  or  in  the  first  de5crilx>d  manner, 
must  Ije  kept  on  a  hot  plate  or  sand  bath  at  a  t<3mperature  of  about 
60"  or  70"  C,  and  should  be  covered  with  a  watch-ghiss.  This 
precaution  is  not  necessary  when  liischof's  apparatus  is  used. 
If,  at  any  time,  the  water  in  the  flask  ceases  to  smell  strongly  of 
sulphurous  acid,  more  should  be  added.  The  preliminary  boiling 
mav  be  omitted  when  less  than  250  c.c.  is  used.  When  the 
nitrogen  as  nitrat(js  and  nitrites  exceeds  0*5  part,  the  dish,  after 
the  evaporation  has  been  carried  to  dryness,  should  be  filled  with 
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distilled  water  containing  ten  per  cent,  of  saturated  sulphurous 
acid  solution,  and  the  evaporation  again  carried  to  dryness.  If  it 
exceeds  1*0  part,  a  quarter  of  a  liter  of  this  solution  should  be 
<;vaporated  on  the  residue ;  if  20  parts,  half  a  liter ;  and  if  5  parts, 
a  liter.  If  less  than  a  liter  has  hQen  eva^wrated,  a  proiwrtionally 
smaller  volume  of  this  solution  may  be  used.  The  estimation  of 
nitrogen  as  nitrates  and  nitrites  will  usually  be  accomplished  before 
this  stage  of  the  evai>oration  is  reached. 

M.  W.  Williams  proposes  to  avoid  the  use  of  sulphurous  acid, 
with  its  acknowledged  disadvantages  and  defects,  by  removing 
the  nitric  and  nitrous  acids  with  the  zinc-copper  couple  and 
converting  them  into  ammonia.  If  tlio  amount  is  large,  it  is  best 
distilled  from  a  retort  into  weak  acid ;  if  small,  into  an  empty 
Nessler  tube.  The  amount  so  found  is  calculated  into  nitrogen 
as  nitrates  and  nitrites,  if  the  latter  are  found  in  the  water.  The 
residue,  when  free  from  ammonia  is  further  concentrated,  the 
separated  carbonates  re-dissolved  in  phosphoric  or  sulphurous 
acid,  in  just  sufficient  quantity,  then  transferred  to  a  glass 
basin  for  evaporation  to  dryness  as  usual  ready  for  combustion 
(J,  a  S.  1881,  144). 

In  the  case  of  sewage,  however,  it  is  advisable  to  employ  hydric 
metaphosphate  in  the  place  of  sulphurous  acid,  as  the  ammonic 
l)hosphate  is  even  less  volatile  than  the  sulphite.  This  can  only 
be  employed  for  sewage  and  similar  liquids,  which  are  free  from 
nitrates  and  nitrites.  To  the  measured  (juantity  of  li([uid  to  be 
evaporated  add,  in  the  glass  dish,  10  c.c.  of  the  hydric  metaphos- 
phate (B.  /i),  and,  in  order  to  render  the  residue  more  convenient 
to  detach  from  the  dish,  about  half  a  gram  of  calcic  phosphate 
(B.  J/),  and  proceed  as  usual.  No  chloride  of  iron,  sulphurous 
acid,  or  sodic  sulphite  is  required;  nor  is  it  necessary  to  l)oil 
before  commencing  the  evaporation. 

The  next  oi)eration  is  the  combustion  of  the  residue.  The 
combustion  tube  should  bo  of  hard,  difficultly  fusible  glass,  with 
an  internal  diameter  of  al)out  10  m.m.  Cut  it  in  lengths  of  alx)ut 
4.30  m.m.,  and  heat  one  end  of  each  in  the  blowpipe  flame  to  round 
the  edge.  Wash  well  Avith  water,  brushing  the  interior  carefully 
with  a  tube  brush  introduced  at  the  end  whose  edge  has  been 
rounded,  rinse  with  distilled  water,  and  dry  in  an  oven.  When 
<lry,  draw  off  and  close,  at  the  blowpipe,  the  end  whose  edge  has 
been  left  sharp.     The  tube  is  then  re^dy  for  use. 

l*our  on  to  the  perfectly  dry  residue  in  the  glass  dish,  standing 
on  a  sheet  of  wliite  glazed  paper,  a  little  of  the  fine  cupric  oxide 
(B.  t),  and  Avith  the  aid  of  a  small  elastic  steel  spatula  (about  100 
m.m.  long  and  15  m.m.  wide)  carefully  detach  the  residue  from  the 
glass  and  rub  it  down  with  the  cupric  oxide.  The  spatula  readily 
accommodates  itself  to  the  curvature  of  the  dish,  and  effectually 
scrapes  its  surface.  When  the  contents  of  the  dish  are  fairly 
mixed,  fill  about  30  m.m.  of  the  length  of  the  comlnistion  tulje 
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with  granulated  cupric  oxide  (B.  e),  and  transfer  the  mixture  in  the 
dish  to  the  tube.  This  is  done  in  the  usual  way  by  a  scooping 
motion  of  the  end  of  the  tube  in  the  dish,  the  last  portions  being 


Fig.  57. 

transferred  by  the  help  of  a  l)ent  card  or  a  piece  of  clean  and  smooth 
platinum  foil.  Rinse  the  dish  twice  with  a  little  fine  cupric  oxide, 
nil)bing  it  well  round  each  time  with  the  spatula,  and  transfer  to 
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the  tube  as  before.  Any  i)articles  scattered  on  the  i^ajKir  are  also 
to  be  put  in.  Fill  up  to  a  distance  of  270  m.m.  from  the  closed 
entl  with  gnvnular  cupric  oxide,  put  in  a  cylinder  of  metallic  coi)per 
(b.  f ),  and  then  again  20  m.m.  of  granular  cupric  oxide.  This  hist 
is  to  oxidize  any  traces  of  carbonic  oxide  which  might  be  formed 
from  carlwnic  anhydride  by  the  reducing  action  of  iron  or  other 
impurity  in  the  metallic  copper.  Now  draw  out  the  end  of  the 
tul)c  so  as  to  form  a  neck  about  100  m.m.  long  and  4  m.m.  in 
diameter,  fuse  the  end  of  this  to  avoid  injury  to  the  india-rubber 
connector,  and  bend  it  at  right  angles.  It  is  now  ready  to  be 
l)laced  in  the  combustion  furnace  and  attached  to  the  Sj)rengel 
pump. 

The  most  convenient  form  of  this  instrument  for  the  purpose  is 
shown  in  lig.  57.  The  glass  funnel  a  is  kept  supplied  with  mercury, 
and  is  connected  by  a  caoutchouc  joint  with  a  long  narrow  glass 
tube  Avhich  passes  down  nearly  to  the  lx)ttom  of  a  wider  tul)e  tf, 
900  m.m.  long,  and  10  m.m.  in  internal  diameter.  The  upper  end 
of  (I  is  cemented  into  the  throat  of  a  glass  funnel  c  from  which 
the  neck  has  been  removed.  A  screw  clamp  b  regidates  the  flow  of 
mercury  down  the  narrow  tube.  A  piece  of  ordinary  glass  tube  /  //, 
about  6  m.m.  in  diameter  and  600  m.m.  in  length,  is  attached  at  r/ 
to  a  tube  ff  h  k,  alx)ut  6  m.m.  in  diameter,  1500  m.m.  long,  with 
a  lx)re  of  1  m.m.  This  is  bent  sharply  on  itself  at  //,  the  part  h  k 
being  1300  m.m.  long,  and  the  two  limbs  are  firmly  lashed  together 
with  copj)er  Avire  at  two  i)oints,  the  tubes  being  preserved  from 
injury  by  short  sheaths  of  caoutchouc  tul>e.  The  end  k  is  recurved 
for  the  delivery  of  gas.  At  the  top  of  the  bend  at  /t,  a  jnece  of 
ordinary  tube  //  /,  alwut  120  m.m.  long,  and  5  m.m.  in  diameter,  is 
sealed  oil  The  whole  I  k  is  kept  in  a  vertical  i)osition  by  a  loose 
support  or  guide,  near  its  upper  part,  the  whole  of  its  weight  resting 
on  the  end  /*,  so  that  it  is  comjiaratively  free  to  move.  It  is 
connected  at  /  with  the  lower  end  of  <?,  by  means  of  a  piece  of  caout- 
chouc tube  covereil  with  tape,  and  furnished  with  a  screw  clamp  e. 
At  /  it  is  connected  with  the  combustion  tube  o,  by  the  connecting 
tube  /  m  w,  which  is  made  of  tul)e  similar  to  that  used  for  h  k.  A 
cork  slides  on  h  /,  which  is  fitted  into  the  lower  end  of  a  short 
l>iece  of  tube  of  a  width  sufi^cient  to  pass  easily  over  the  caoutchouc 
joint  connecting  the  tubes  at  /.  After  the  joint  has  been  arranged 
(the  ends  of  the  tubes  just  touching)  and  bound  with  wire,  the 
cork  and  wide  tube  are  pushed  over  it  and  filled  with  glycerine. 
The  joint  at  n  is  of  exactly  the  same  kind,  but  as  it  has  to  l)e  fre- 
(luently  disconnected,  water  is  used  instead  of  glycerine,  and  the 
caoutchouc  is  not  bound  on  to  the  combustion  tube  with  wire.  It 
will  be  seen  that  the  joint  at  I  is  introduced  chiefly  to  give  flexi- 
bility to  the  apparatus.  At  m  is  a  small  bulb  blown  on  the  tube 
for  the  purpose  of  receiving  water  produced  in  the  combustion. 
This  is  immersed  in  a  small  water  trough  it.  The  tube  h  k  stands  in 
a  mercury  trough  p,  which  is  shown  in  plan  on  a  larger  scale  at  B. 
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This  trough  should  be  cut  out  of  a  solid  piece  of  mahogany,  as  it 
is  extremely  difficult  to  make  joints  to  resist  the  pressirre  of  such 
ft  depth  of  mercury.  It  is  200  m.m.  long,  155  m.ra.  wide,  and 
100  m.m.  deep,  outside  measurement  Tlie  edge  r  r  is  13  m.m. 
wide,  and  the  shelf  8  65  m.m.  wide,  174  m.m.  long,  and  50  m.m. 
deep  from  the  top  of  the  trough.  The  channel  t  is  25  m.m.  wide, 
and  75  m.m.  deep,  having  at  one  end  a  circular  well  tr,  42  m.m.  in 
diameter,  and  90  m.m.  deep.  The  recesses  u  u  are  to  receive  the 
ends  of  two  Sprengel  pumps.  They  are  each  40  m.m.  long, 
25  m.m.  wide,  and  of  the  same  depth  as  the  channel  t  A  short 
iron  wire  v,  turning  on  a  small  staple,  and  resting  at  the  other  end 
against  an  iron  pin,  stretches  across  each  of  these,  and  serves  as 
a  kind  of  gate  to  support  the  test  tube,  in  which  the  gas  delivered 
by  the  pump  is  collected.  The  trough  stands  upon  four  legs,  75 
m.m.  high,  and  is  provided  at  the  side  with  a  tube  and  screw 
<ilamp  q,  by  which  the  mercury  may  be  drawn  off  to  the  level  of 
the  shelf  s. 

The  combustion  tube  being  placed  in  the  furnace,  protected  from 
the  direct  action  of  the  flame  by  a  sheet-iron  trough  lined  ^yith 
asbestos,  and  the  water  joint  at  n  adjusteil,  the  gas  is  lighted  at 
the  front  part  of  furnace  so  as  to  heat  the  whole  of  the  metallic 
copper  and  part  of  the  cupric  oxide.  A  small  screen  of  sheet 
iron  is  adjusted  astride  of  the  combustion  tube  to  i)rotect  the 
part  beyond  the  point  up  to  which  the  gas  is  burning  from  the 
heat. 

At  the  same  time  a  stream  of  mercury  is  allowed  to  flow  from  the 
funnel  a,  which  fills  the  tubes  d  and  ,/*  until  it  reaches  h,  when  it 
falls  in  a  series  of  pellets  down  the  narrow  tube  h  k,  each  carrying 
before  it  a  quantity  of  air  drawn  from  the  combustion  tube.  The 
flow  of  mercury  must  be  controlled  by  means  of  the  clamps  b  and  c, 
so  as  not  to  be  too  rapid  to  admit  of  the  formation  of  these  seimrate 
pistons,  and  especially,  care  should  be  taken  not  to  ixjiinit  it  to  go 
so  fast  as  to  mount  into  the  connecting  tul)e  I  m  7i,  as  it  cannot  be 
removed  thence  except  by  disconnecting  the  tube.  During  the 
exhaustion,  the  trough  x  is  filled  with  hot  water  to  expel  from  the 
bull)  HI  any  water  condensed  from  a  previous  operation.  In  about 
ten  minutes  the  mercury  will  fall  in  the  tube  h  k  with  a  loud,  sharj), 
clicking  sound,  showing  that  the  vacuum  is  complete.  As  soon  as 
this  occurs,  the  pump  may  be  stopped,  a  test  tube  filled  with  mercur}' 
inverted  over  the  delivery  end  of  the  tube  A*,  cold  water  substituted 
for  hot  in  the  trough  a*,  the  iron  screen  removed,  and  combustion 
proceeded  with  in  the  usual  way.  This  will  take  from  fifty  to  sixty 
minutes.  As  soon  as  the  whole  of  the  tube  is  heated  to  redness, 
the  gas  is  turned  oft',  and  the  tube  immediately  exhausted,  the 
gases  produced  being  transferred  to  the  tube  placed  to  receive  them. 
Wlien  the  exhaustion  is  complete,  the  test  tube  of  gas  may  be 
removed  in  a  small  beaker,  and  transferred  to  the  gas  analysis 
apparatus. 
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This  gas  collected  consists  of  carbonic  anhydride,  nitric  oxide, 
nitrogen,  and  (very  rarely)  carbonic  oxide,  which  can  readily  be 
separated  and  estimated  by  the  ordinary  methods  of  gas  analysis. 


Y'lg.  58. 

This  is  rapidly  accomplished  with  the  apparatus,  shown  in  the- 
accompanying  diagram,  which,  whilst  it  does  not  permit  of  analysis 
by  explosion,   leaves  nothing   to    be    desired  for   this   particular 

£   £ 


418  VOLUMETRIC  ANALYSIS.  §   89. 

operation.  It  is  essentially  that  descrilx^d  by  Frankland  {J.  C.  S, 
[2]  vi.  109),  l)ut  is  slightly  motlified  in  arrangement.  In  the 
diagram,  a  r  tJ  is  a  measuring  tube,  of  which  the  cylindrical 
portion  a  is  370  m.m.  long,  and  18  m.m.  in  internal  diameter,  the 
part  r  40  m.m.  long,  and  7  m.m.  in  diameter,  and  the  part  d  175 
m.m.  long,  and  2-5  m.m.  in  diameter.  To  the  upper  end  of  // 
a  tube,  with  a  capillary  bore  and  stoivoock  /,  is  attached,  and  bent 
at  right  angles.  Allowing  20  m.m.  for  each  of  the  conical  portions 
at  the  joints  l)etween  a  and  c,  and  c  and  d,  and  25  m.m.  for  the; 
vertical  part  of  the  capillary  tube,  the  vertical  measurement  of 
the  entire  tulx;  is  G50  m.m.  It  is  graduated  carefully  from  below 
upward,  at  intervals  of  10  m.m.,  the  zero  being  about  100  m.m. 
from  the  end,  as  about  that  length  of  it  is  hidden  by  its  support, 
and  therefore  imavailable.  The  topmost  10  m.m.  of  d  should  be 
divided  into  single  millimeters.  At  the  free  end  of  the  capillary 
tube  a  small  steel  caj),  shown  in  lig.  59,  1),  is  cemented  gas-tight. 


t 
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Fig.  59. 

The  lower  end  of  a  is  drawn  out  to  a  diameter  of  5  m.m.  The 
tube  h  is  about  1  '2  met<^r  long,  and  G  m.m.  internal  diameter,  is 
drawn  out  like  a  at  the  lower  end,  and  graduated  in  millimeters 
from  below  upward,  the  zero  being  about  100  m.m.  from  the  end."^' 
The  tub(?s  a  r  d  and  /'  pass  through  a  caoutchouc  stc)j)per  o,  which 
lits  ink)  the  Inwer  end  <»f  a  glass  cylinder  7i  v,  intended  to  contain 
water  to  give  a  definite  temperature  to  the  gas  in  measuring.  The 
7eros  of  the  graduations  should  be  about  10  m.m.  above  this 
stopper.  Immediately  below  this  the  tubes  an*  firmly  cla^sped  by 
the  wooden  clamp  j>  (shown  in  end  elevation  and  ])lan  at  fig.  58, 
13,  C),  the  two  parts  of  which  are  drawn  together  by  screws,  the 
tubes  being  protected  from  injury  by  a  jaece  of  ('aoutchouc  tube 
fitted  over  (?ach.  The  clamp  is  supporti'd  fni  an  upright  piece  of 
wood,  screwed  firmly  to  the  base  A.  If  the  stopper  o  is  carefully 
fitted,  and  the  tubes  tightly  clamj>ed,  no  other  sui>j)ort  than  j)  will 
be  necx'ssary.  The  tubes  below  the  clamp  are  connected  by  joints 
of  caoutchouc  covered  with  tape,  and  strongly  bound  with  wire,  to 
the  vertical  legs  of  the  union  piece  7,  to  the  horizontal  leg  of 
which  is  attached  a  long  caoutchouc  tube  of  about  2  m.m.  internal 
diameter,  which  passes  to  the  glass  reservoir  t.  This  tube  must 
be  ("overed  with  strong  tjipe,  or  (less  conveniently)  have  a  lining  of 
canvas  between  two  layers  of  caoutchouc,  as  it  will  be  exposed  to 

*  The  graduation  is  not  shown  in  the  dia^nuni. 
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consiilerahlo  im^ssuro.  In  its  course  it  passes  through  the  double 
srrew  steel  i»ineh-c<x*k  r,  the  lower  bar  of  whieh  is  fixed  to  the  side 
of  the  elainj)  p.  It  is  essential  that  the  screws  of  the  pincli-cock 
shouM  have  sni(»oth  collars  like  that  shown  in  fi*,'.  59  A,  and  that 
tlie  iii)j>er  surface  of  the  iijjper  bar  of  the  ]iinch-<*o<'k  should  be 
<iuit4»  flat,  tin'  surfaces  between  which  the  tube  is  i)assed  being 
cylindrical. 

Frankland  luis  introdu(jed  a  form  of  joint  by  which  the  steel 
<Mj)S  and  <:lamj>  arc  disiK»nsed  with.  Th(j  capillary  tube  at  the 
upi)er  end  of  a  f  d  is  exjumded  into  a  small  cup  or  funnel,  and  the 
<:ai>illar3'  tul)e  nf  the  laboratrny  vessel  bent  ftciro  at  rij^ht 
angles,  the  t'ud  b«»ing  drawn  out  in  a  conical  fonn  to  fit  into  the 
neck  of  tlie  al)()ve-named  cup.  The  oi)posed  surfaces  are  fitted 
by  grinding  <>r  by  covering  the  conical  end  of  the  lal)orat<.)ry 
v(\ssel  with  thin  sheet  caoutchouc.  The  joint  is  kej)t  tight  by 
an  elasti<'  band  attiuthed  at  one  end  to  the  stand,  and  at  the  other 
to  a  h<v)k  on  the  horizontal  tube  of  the  lab<)mU.)ry  vessel,  and  the 
cu])  is  tilled  with  mercury. 

In  tin?  bjise  A  is  lixed  a  stout  iron  rod,  l*-t  meter  long,  with 
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Fi^'.  til). 

a  short  horizon  till  arm  at  its  upj)er  end,  contjiining  two  groov(*d 
p\dleys.  The  reservoir  /  is  suspentled  l>y  a  cord  passing  over  these 
pulleys,  and  attached  to  an  eye  a  in  the  iron  riK*,  the  h.-ngth  of  the 
cord  Ijeing  such  that,  when  at  full  stretch,  the  bottom  of  the 
reservoir  is  level  with  the  l»ott<»m  of  the  clamp  p,  A  loop  is  made 
on  the  conl,  whicli  can  be  secured  by  a  hook  c  on  the  n>d,  so  that 
Avhen  thus  susj)endcd,  the  bottom  of  i  is  about  100  m.m.  alx)ve  tlie 
stoiM-.ock  /'.  A  stout  elastic  band  fitted  round  /  at  its  largest 
diameter  acts  usefully  as  a  fender  to  protec't  it  from  an  accidental 
blow  against  the  iron  nxl.  A  thennometer  ^',  suspended  by  a  wire 
hook  from  the  edge  of  th<j  cylinder  n  ?/,  gives  the  tc'mpei-ature  of 
the  containetl  water,  the  uniformity  of  which  may  be  insured 
(though  it  is  scarcely  nec(?ssary)  l>y  passing  a  slow  succjession  of 
bubbles  of  air  through  it,  or  by  moving  up  and  down  in  it  a  wire 
with  its  end  bent  into  the  form  of  a  ring.  The  jar  /•  is  <'alled  the 
laboratory  vessel,  and  is  100  m.m.  high,  and  38  m.m.  in  internal 
diameter,  having  a  capillary  tube,  glass  stoi)-cock,  and  steel  ca]>  {f  h 
exaiitly  like  /  //.  The  mercury  trough  /  is  shown  in  figs.  CO  and 
01.  It  is  of  solid  mahogany,  2G5  m.m.  long,  80  m.m.  l)road,  and 
DO  m.m.  dee]),  outsi<le  meiisurement.  The  rim  a  a  a  a  is  8  m.m. 
broad,  and  15  m.m.  deep.     The  excavation  /-*  is  230  m.m.  long, 
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26  in.m.  ])road,  and  65  m.m.  deep,  with  a  circular  cavity  to  receive 
the  laboratory  vessel  sunk  at  one  end,  45  m.m.  in  diameter,  and 
20  m.m.  in  (lepth  helow  the  top  of  the  excavation.  Two  small 
lateral  indentations  r  c  (fig.  61)  near  the  other  end  accommodate 
a  capsule  for  transferring  to  the  trough  tul)es  containing  gas.  This 
trough  rests  upon  a  telescoi)e  table,  which  can  Ik?  fixed  at  any 
height  l>y  means  of  a  screw,  and  is  supported  on  three  feet.  It 
must  l)c  arranged,  so  that  when  the  laboratory  vessel  is  in  its  i)lace 
in  the  trough,  the  two  steel  caps  exactly  correspond  face  to  face. 

The  difference  of  level  of  the  mercury  in  the  tubes  b  anil  a  c  r/, 
(jaused  by  capillary  action,  when  both  are  freely  open  to  the  air, 
must  be  juscertained  by  taking  several  careful  observations.  This 
will  l)e  different  for  each  of  the  portions  a  c  and  J,  and  must  be 
added  to  or  deducted  from  the  ol)served  pressure,  as  the  mercurv' 
when  thus  freely  exposed  in  both  tubes  to  the  atmosj)heric  pressure 
stands  in  a  c  or  d  al)Ove  or  below  that  in  h.  This  correction  will 
include  also  any  that  may  be  necessary  for  difference  of  level  of 
the  zeros  of  the  graduations  of  the  two  tul)es,  and,  if  the  relative 
positions  of  these  be  altered,  it  must  Ik^  redetermined.  A  small 
telescope,  sliding  on  a  vertical  rod,  should  be  \ised  in  these  and  all 
other  readings  of  the  level  of  mercury. 

The  capacity  of  the  measuring  tube  a  c  d  at  each  graduation 
must  now  be  determined.  This  is  readily  done  by  first  filling  the 
whole  apparatus  with  mercury,  so  that  it  drips  from  the  cap  f/. 
The  stop-cock  /  is  then  closed,  a  piece  of  caoutchouc  tube  slipped 
over  the  cap,  and  attached  to  a  funnel  su])plied  with  distilled 
water.  The  reservoir  /  being  lowered,  the  clamp  r  and  the  sto[>- 
cock  /'  are  opened,  so  that  the  mercury  returns  to  the  reservoir^ 
water  entering  through  the  capillary  tube.  As  soon  as  it  is  below 
the  zero  of  the  graduation,  the  stoi^cock  /  is  closed,  the  funnel  and 
caoutchouc  tul)e  removed  from  the  caj),  ami  the  face  of  the  last 
slightly  greased  in  order  that  water  may  pass  over  it  without 
adhering.  >>'ow  raise  the  rcjservoir,  oi)en  the  stop-cock/,  and  allow 
the  water  t<>  Kow  gt^ntly  out  until  the  top  of  the  convex  surface  of 
the  mercury  in  a  just  coincides  with  the  zero  of  the  graduation. 
The  mercury  should  Ix?  controlled  by  the  clamp  >*,  so  that  the  water 
issues  under  very  slight  pressure.  Note  the  t(imi)erature  of  the 
water  in  the  water-jacket,  and  proceed  with  the  expulsion  of  the 
water,  collecting  it  as  it  drops  from  the  steel  cap  in  a  small  (tarefully 
weighed  glass  flask.  When  the  mercury  has  risen  through  100  m.m. 
nop  the  flow  of  wat(;r,  and  weigh  the  fiask.  The  weight  <^f  water 
which  was  contained  between  the  graduations  0  and  100  on  the 
tube  is  then  known,  and  if  the  temperature  be  4""  C,  the  weight  in 
grams  will  exjjress  the  ca])acity  of  that  part  of  the  tube  in  cubi(? 
(^entimciters.  If  the  t(;niperature  be  other  than  4""  C,  the  volume 
must  be  calculated  by  the  aitl  of  the  co-elKcMcnt  of  expansion  of 
water  l)y  heat.  In  a  similar  way  the  capacity  of  the  tube  at 
successive   graduations  about  100  m.m.  apart  is  ascertained,  the 
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last  (lotormination  in  a  l^eiiij^  at  the  highest,  and  the  first  in  c  at 
the  lowest  graduation  on  the  cylindrical  part  of  ea(!h  tu])e ;  the 
tube  l>et\veen  these  points  and  similar  iK)ints  on  r  and  d  l>eing  so 
distorted  by  the  glass  blower  that  olwervatiuns  could  not  well 
be  nia<le.  The  capacity  at  a  sufficient  niimber  of  points  being 
ascertained,  that  at  each  of  the  intermediate  graduations  may  1)6 
calculated,  and  a  table  arranged  with  the  capacity  marked  against 
each  graduation.  As  the  adculations  in  the  analysis  are  made  ])y 
the  aid  of  logarithms,  it  is  convenient  to  cnUtT  on  this  table  the 
logarithms  of  the  cajwicities  inste^ul  of  the  natund  numl>ers. 

In  using  the  apparatus,  the  stop-cocks  on  the  measuring  tube 
and  laboratory  vessel  should  be  slightly  greased  with  a  mixture  of 
resin  cerate  and  oil,  or  vaseline,  the  whole  api)aratus  carefully  filled 
with  mercury,  and  the  stoj>-cock/  closed  ;  next  ])lace  the  laboratory 
vessel  in  position  in  the  mercury  trough,  and  suck  out  the  air. 
This  is  readily  and  rai)idly  done  by  the  aid  of  a  short  piece  of 
caoutchouc  tulw,  i)lace<l  in  the  vessel  just  before  it  is  put  into  the 
mercury  trough,  and  drawn  away  as  soon  as  the  air  is  removed. 
Suck  out  any  small  bubbles  of  air  still  left  through  the  capillary 
tul)e,  and  as  soon  as  the  vessel  is  entirely  free  from  air  close  the 
stojwoi'k.  Slightly  grease  the  face  of  l)oth  caps  with  resin  cerate 
(to  which  a  little  oil  shoulil  Ikj  added  if  vc^ry  stiff),  and  clamp  them 
tightly  together.  On  opening  l)oth  stojvcocks  mercury  should  fiow 
frcjely  through  the  capillary  communication  thus  formeil,  and  the 
whole  should  b<?  (piite  free  from  air.  To  ascertain  if  the  joints  are 
all  in  go<Kl  onler,  close  the  stop-cock  //,  and  lower  the  reservoir  /  to 
its  lowest  position  ;  tlie  joints  and  stop-cocks  will  thus  l)e  subjected 
to  a  pressure  of  nearly  half  an  atmosphen^,  and  any  leakage  would 
spee<lily  be  detected.  If  all  l>e  right,  restore  the  reservoir  to  its 
upi»er  position. 

Trjuisfer  the  tube  containing  the  gi\s  to  be  analyzed  to  an 
i)rdinary  j)orcelain  mercury  trough ;  exchange  the  beaker  in  whiiih 
it  has  l>een  standing  for  a  small  i)orcelain  cajwule,  and  transfer  it 
to  th(»  mercury  trough  /,  the  cajisule  finding  ample  room  where  the 
trough  is  widened  by  the  recess  I). 

Carefully  decant  the  gas  to  the  labomtory  vessel,  and  add  a  drop 
or  two  of  pottussic  l)ichromate  solution  (B.  ?y)  from  a  small  pipette 
with  a  l)ent  <;apillary  delivery  tul>e,  t<i  ascertain  if  the  gas  contains 
any  sulphurous  anhydride.  If  so,  the  yellow  solution  will 
immediately  l»ecome  green  fn>ni  the  formation  of  a  chromic  salt, 
and  the  gas  nnist  l»e  allowed  t<»  stand  over  the  chromat^^  for  four  or 
five  minutes,  a  little  more  of  the  solution  iKjing  added  if  necessary. 
Tlie  absi)rpti<m  may  l)e  greatly  acceh'ratcd  by  gently  shaking  from 
time  to  time  the  stind  on  which  the  mercury  trough  rests,  so  jis  to 
cause  the  solution  to  wet  the  sides  ()f  the  vessel.  With  care  this 
may  l)e  done  without  danger  to  the  apparatus.  Mercury  should  lie 
allowed  to  pass  slowly  into  the  lalnmitiry  vessel  during  the  whole 
lime,  as  the  drops  falling  tend  to  maintain  a  circulation  Ixith  in 
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the  gas  and  in  the  ahsorliing  liquid.  The  alxsencc  of  sulphurous 
anhydride  l>eing  ascertained,  lM>tli  st<)i)-coeks  are  set  fully  open,  the 
reservoir  /  lowered,  and  the  gas  transferred  to  the  measuring  tuln*. 
The  stop-cock  //  should  l)e  closed  as  soon  as  the  liquid  from  the 
lal)oratory  vessel  is  within  al)0ut  10  m.ni.  of  it.  The  lx»re  of  the 
<;apillary  tube  is  so  fme,  that  the  quantity  of  gas  contained  in  it  is 
t<^o  small  to  aifect  the  result.  Xext  bring  the  top  of  the  meniscus 
of  mercury  seen  through  the  telescope  exactly  to  coincide  with  one 
of  the  graduations  on  the  measuring  tu])e,  the  pjissage  of  mercury 
to  or  from  the  r(iservoir  being  readily  controlled  by  the  pinch-cock  ;•. 
Xote  the  position  of  the  mercury  in  the  measuring  tul)e  and  in  the 
l)ressure  tube  //,  the  temperature  of  the  water-jacket,  and  the  height 
of  the  barometer,  the  level  of  the  mercury  in  the  pressure  tube  and 
Iwirometer  being  read  to  the  tenth  of  a  m.m.  and  tlie  thermometer 
to  O'V  C.  This  done,  introduce  into  the  lal>oratory  vessel  fnmi 
a  pipette  with  a  iKjnt  point,  a  few  drops  of  potassic  liydrate  solution 
(B.  0),  and  return  the  giis  to  the  lal>oratorv  vessel.  The  alisorption 
of  carbonic  anhydride  will  be  complete  in  about  three  to  five 
minutes,  and  if  the  volume  of  the  gas  is  large,  may  1k3  much 
accelerated  by  gently  shaking  the  stand  from  time  to  time,  so  as  to 
thrt)W  up  the  liquid  im  the  sides  of  the  vessel.  If  the  small 
pipettes  used  to  introduce  the  various  solutions  are  removed  fmni 
the  mercury  trough  gently,,  they  will  always  contain  a  little  mercury 
in  the  bend,  which  will  suffice  to  keep  the  solution  from  flowing 
out,  and  they  may  l)e  kept  in  readiness  for  use  standing  upright  in 
glass  cylindei*s  or  other  convenient  suj)ports.  At  the  end  of  five 
minutes  the  gas,  which  now  consists  of  nitrogen  ami  nitric  oxide, 
is  again  transferred  to  the  measuring  tube,  and  the  oi)eration  of 
measuring  repeated  ;  the  barometer,  however,  need  not  1k?  observed, 
under  ordinary  circumstances,  more  than  once  for  each  analvsis, 
as  the  atmospheric  pressure  will  not  materially  vary  during  the 
twenty-five  to  thirty  minutes  required.  Next  pass  into  the 
lalM)ratory  vessel  a  few  drops  of  saturated  solution  of  p^TOgallic 
acid  (B.  t),  and  return  the  gas  iqion  it.  The  oliject  of  adding  the 
pyrogallic  acid  at  this  stage  is  to  ascertain  if  oxygen  is  present,  as 
sometimes  happens  when  thcj  total  quantity  of  gjis  is  very  small, 
and  the  vacuum  <luring  the  combusticm  l»ut  slightly  impaired. 
Under  such  circumstjmces,  traces  of  oxygen  are  given  olT  by  the 
cupric  oxide,  and  pass  so  rapidly  over  the  metallic!  coi)per,  as  to 
escape  al)Sorption.  This  necessarily  involves  the  loss  of  any  nitric 
oxide  which  also  escapes  the  copper,  but  this  is  such  a  very  small 
proportion  of  an  already  small  quantity  that  its  loss  will  not 
appreciably  affect  the  result.  If  oxygen  l»e  present,  allow  the  gas 
to  remain  exposed  to  the  action  of  the  pyrogjdlate  until  the  licpiid 
when  thrown  up  the  sides  of  the  lal)orat()ry  vessel  runs  oft'  without 
leaving  a  dark  red  stain.  If  i»xygen  be  not  present,  a  few  bubbles 
of  that  gas  (B.  X)  are  intro<liiced  t.)  oxidize  the  nitric  oxide  to 
pemitric  oxide,  which  is  al«orl)ed  1)y  the  potassic  hydrate.     The 
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oxy^'on  maybe  very  c<»nveiiientlyaiUleil  from  tlie  j^'iis  pipette  slmwn 

ill  111,'.  G2,  whei'(;  a  h  aiv.  glass 
hullKS  of  alnnit  50  m.m.  dia- 
meter, eninie(te<l  by  a  glass 
tul>e,  the  bore  of  whieli  is 
.         ..  /  V  \  coiistrietcd  at  '•,  so  as  t^)  allow 

\\       //  (      *      V      '*     I  mercury    to    ]>ass    but   8b)wly 

froui  one    bulb    to   the  other, 
d^  ^^  i^Ji^l    thus  contrnl   the  passjigc 

Y\^,  (}!>.  *»f    gas    through    th»'    mirrow 

delivery  tube  t1.  The  other 
end  ('  is  proviiled  with  a  sliort  pieee  of  eaoutelnaur  tube,  by  blowing 
through  which  any  desiretl  4uantity  of  gius  may  be  readily  tlelivered. 
Care  must  Ikj  taken  aft<*r  use  that  the  delivery  tube  is  not  removed 
from  the  trough  till  the  angle  tf  is  filled  with  mereury. 

To  replenish  the  i>i[)ette  with  oxygen,  fill  .the  l>ulb  h  an<l  the 
tulx's  /•  and  </  with  mercury  ;  introcUice  the  ])oint  of  if  into  a  tube 
of  oxygen  stiinding  in  the  mercury  trough,  and  draw  air  from  the 
tulK.»  t'.  The  gas  in  //  is  c<»nfined  iKjtween  th<'  mercury  in  r  and 
that  in  ^L 

AVhen  the  excl?ss  of  oxygen  has  been  absorbed  jls  above  drs<'rilH'd, 
the  resi^lual  gas,  which  consists  of  nitrogen,  is  measured,  and  the 
analysis  is  comiilete.* 

Ther<^  are  thus  obtained  three  sets  of  observations,  from  which, 
by  the  usual  metlnKls,  we  may  calculate  A  the  totid  volume,  1>  th(^ 
volume  of  nitri<*  oxide  and  nitrogen,  and  C  the  volume  of  nitrogen, 
all  i-^'duced  to  0'  C.  and  7G0  m.m.  pressure  ;  from  these  may  be 
obtained — 

A-lJ^v..l.  of  CO-, 

1>_C  15  +  C         .      ^  ^, 

.,  -  +C  =  — :y —  =  vt>l,  <»f  >, 

and    hence    the  weight  of   carlK')n   and    nitrogen    can   l»e  readily 
found. 

Jt  is  much  less  tn)uble,  liowever,  to  assume  that  the  gas  in  all 
tliree  stiigrs  consists  wholly  of  nitrogen  ;  then,  if  A  l»e  the  wt'ight 
of  the  ti)tal  gas,  1>  it^  weight  after  treatment  with  ])otassic  hydrate, 
and  C  after  treatment  with  pyrogidlate,  the  weight  of  carl>on  will 

o  P  4-  (  ' 

1m>  (A -Pi)-,  and  thi?  weight  of  nitn>gen   — <,  -  ;  for  the  weights 
of  carbon  and  nitrogen  in  e^ual  volumes  of  carboni*:  anhydride  and 

•  When  tlie  <iunntity  of  car>>oii  i»  very  hince  in<lee<l,  truces  of  carh^mic  oxi«lo  un» 
«)Ocii>iif>niilly  present  in  the  \p\H,  und  will  remain  with  the  nitrotren  ufter  treutmeut  with 
alkaline  i>yT«»KiiIlate.  When  mioh  cxeofsive  quantities  of  carl>on  are  fonnd,  the  Btop* 
oock  ;  Hhould  l>e  cloned  when  the  kist  meoHurement  in  uuule,  the  hilH)ratory  vessel 
detaclie<l,  wiwhed,  uu4l  reiiluce<^  filled  with  mercury.  Introduce  then  a  little  solutiou 
of  (MiprouH  chloride  (B.  K).  und  return  the  \o)m  \\\io\\  it.  Any  carlM»nic  oxide  will  \ro 
ulHioriHMl,  and  uftor  about  five  minutes  the  remaininir  nitrogen  may  Ik?  measured.  In 
more  than  twenty  consecutive  analyses  of  waters  of  very  varyiuK  kinds,  not  a  trace  of 
curt»ouic  oxide  was  found  in  any  of  the  gases  obtained  on  combust i(»n. 


424 


VOLUMETRIC  ANALYSIS. 


§  89. 


nitrogen,  at  the  same  temperature  and  pressure,  are  as  6  :  14  ;  and 

the  weights  of  nitrogen  in  equal  volumes  of  nitrogen  and  nitric 

oxide  arc  as  2  :  1. 

The  weight  of  1  c.c.  of  nitrogen  at  0**  C.  and  760  m.m.  is  0*001 2562 

0'0012562  X  V  X  7) 
gm.,  and  the  formula  for  the  calculation  is  w  =  /  \  .  o^OO^fi*'/^  ^fiO* 

in  wliich  w  =  the  weight  of  nitrogen,  v  the  volume,  p  the  pressure 
corrected  for  tension  of  aqueous  vapour,  and  t  the  temperature  in 
degrees  centigrade.     To  facilitate  this  calculation,  there  is  given  in 

Table  2  the  logarithmic  value  of  the  expression  /i  A.c\'00'{c''f\  "^0 

for  each  tenth  of  a  degree  from  0*"  to  29*9''  C,  and  in  Tahle  1  the 
tension  of  aqueous  vapour  in  millimeters  of  mercury.  As  the 
measuring  tul)e  is  always  kept  moist  with  water,  the  gas  when 
measured  is  always  saturated  with  aqueous  vapour. 

The  following   example  will   show  the  precise  mode  of  calcu- 
lation : — 


Volume  of  gas 
Temperature  . 


Height  of  mercury  in  a,  c,  d 
»»  »»  »»        ^         • 

Difference 
Plus  tension  of  aqueous  vai>our 


Deduct  correction  for  capillaritj. 

Deduct  this  from  height  of  bar  • 

Tension  ot  dry  gas         . 

Logarithm  of  volume  of  gas 
0-0012562 


A 
Total. 

B 

After  absorption 
of  C02. 

C 
Nitrogen. 

4-4888  c.c. 
13-5° 

0-26227  «.c. 
13-60 

0-26227  cc 
13-7° 

Tn.m. 
310  0 
193-6 

m.m. 
480-0 
^3-5 

iiLm. 
480-0 
328-2 

(1+0-00367^)760 
tension  of  dry  gas  . 


116-5 
11-5 

128-0 
0-9 

127-1 

769-8 
127-1 

642-7 
0-65213 

619724 
2-80801 


136-5 
11-6 


Add  for  7 
capillarity  ) 


2-2 


Logarithm  of  weight  of  gas  calcu- 
lated as  N 3-65738 

-- 0-0045434 


150-3 

769-8 
150-3 

619-5 
1-41875 

6-19709 
2-79-204 


4  40788 
0-0002558 


151-8 
11-7 


2-2 

165-7 

769-8 
165-7 

6(»41 
1-41875 

6-19694 
2-78111 


4-39680 
0-0002494  gm. 


From  those  weights,  those  of  carl)on  and  of  nitrogen  are  obtained 
by  the  use  of  the  formulae  alx)ve  mentioned.     Thus — 

A  -  B  =  0-0042876  13  +  C  =  0*0005052 

X   3  -^2 

-^ 7)0-0128628^  Weight  of  nitrogen,  00002526 
AVeightof  carl >on,  0-001837 


AVhen  carhonic  oxide  is  found,  the  corresponding  weight  of 
nitrog(;n  may  he  found  in  a  similar  manner,  and  should  be  added 
to  that  corresponding  to  the  carbonic  anhydride  before  multiplying 
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by  ^,  and  must  1)C  deducted  from  the  weiglit  corrcspondin<^'  to  the 

volume  after  absorption  of  carl)onic  anliydride. 

As  it  is  imi>ossihle  to  attain  to  al)Sohite  perfection  of  manipulation 
and  materials,  each  analyst  should  make  several  blank  experiments 
by  evajwratinj^  a  liter  of  pure  distilled  water  (B.  a)  with  the  usual 
•[uantities  of  sulphurous  acid  and  ferrous  chloride,  and,  in  addition, 
0*1  <i;m.  of  freshly  ij^nited  sodic  chloride  (in  order  to  furnish 
a  tangible  residue).  The  residue  should  1)C  burnt  and  the  resulting 
gas  analyzed  in  the  usual  way,  and  the  avemge  amounts  of  carbon 
and  nitrogen  thus  obtained  deducted  from  the  results  of  all 
analyses.  This  correction,  which  may  l)e  about  0*0001  gm.  of  C, 
and  0*00005  gm.  of  N,  includes  the  errors  due  to  the  imperfection 
of  the  vacuum  produced  by  the  Sprengel  pump,  nitrogen  retained 
in  the  cupric  oxide,  ammonia  absorl>e(l  from  the  atmosphere  during 
evajwration,  etc. 

When  the  (quantity  of  nitrogen  as  ammonia  exceeds  0*007  part 
l^er  100,000,  there  is  a  certain  amount  of  loss  of  nitrogen  during 
the  evaporation  by  dissipation  of  ammonia.  This  aj)pears  to  be 
very  constant,  and  is  given  in  Table  3,  which  is  calculated  from 
Table  5,  which  hiuj  l>een  kindly  furnished  by  Dr.  Frank  land. 
The  numlKir  in  this  table  corresi)onding  to  the  quantity  of  nitrogen 
as  ammonia  present  in  the  water  analyzed  should  be  added  to  the 
amount  of  nitrogen  found  by  combustion.  The  number  thus 
obtained  includes  the  nitrogen  as  ammonia,  and  this  must  be 
deducted  to  ascertain  the  organic  nitrogen.  If  "ammonia"  is 
determined  instead  of  "  nitrogen  as  ammonia,"  Table  5  may  be  used. 

AVhen,  in  operating  \\\^\\  sewage,  hydric  metaphosphate  has 
l)een  employed.  Tables  4  or  6  should  be  used. 

Rules   for  Converting  Parte  per  100,000   into   Grains  per  Gallon, 

or  the  reverse. 

To  convert  jwrts  per  100,000  into  grains  i)er  gallon,  multiply 
by  0*7. 

To  convert  grains  per  gallon  into  parte  per  100,000,  divide 
l»y  0*7. 

To  convert  grams  jer  liter  into  grains  jier  gallon,  multii»ly 
by  70. 
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Elasticity   of  Aq.iieoii3    Vapour   for   eacli  rkth  defirreo   centigrade 

fi*ozu    Qo    to    30O    C.    (Begrnault). 


1 

Temi). 
C." 

sion  in 
[ercury. 

Temp. 
C. 

gig 

1 

Tomp. 
C. 

s2b 

S  o  o 

Temp. 
C. 

sion  in 
i  meters 
[ercury. 

Temp. 
C. 

sion  in 
imot  era! 
'ercury. 

0" 

4G 

C'O'' 

10-5 

g=S 

21  O* 

70 

VIO" 

180" 

15-4 

22-2 

•1 

4  0 

•1 

7-0 

•1 

10-5 

•1 

15-5 

•1 

22-3 

•4 

4-7 

7-1 

•2 

lOG 

•2 

15G 

22-5 

•y 

4-7 

•3 

7-1 

•3 

10-7 

•3 

157 

•3 

226 

•1 

4-7 

•4 

7-2 

•4 

10-7 

•4 

15-7 

•4 

227 

•5 

4-8 

•5 

7-2 

•5 

10-8 

5 

15-8 

•5 

22-9 

M> 

4-8 

•o 

7-3 

•<j 

109 

•6 

15-9 

•G 

230 

•7 

4-8 

•7 

7-3 

•7 

10-9 

•7 

IGO 

7 

231 

•8 

4-9 

•8 

7-4 

•8 

11-0 

•8 

161 

•s 

23-3 

•1) 

4-9 

•9 

7-4 

•9 

IM 

•9 

lC-2 

•9 

23-4 

1-0 

4-9 

7-0 

7-5 

130 

11-2 

190 

16-3 

25-0 

23-5 

•1 

5  0 

•1 

7T»    1 

•1 

11-2 

•1 

16-4 

•1 

237 

"2 

5-0 

•2 

7-6    . 

•2 

11-3 

•2 

16-6 

•2 

23-8 

•5 

5-0 

•3 

7*6 

•3 

11-4 

•3 

16-7 

•3 

24-0 

•4 

5-1 

•4 

7-7 

•4 

11-5 

•4 

16-8 

•4 

24-1 

•5 

51 

T) 

7-8 

•5 

11-5 

•5 

lG-9 

•5 

24-3 

•G 
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•6 

7-8 

•6 

11-0 

•G 

17-0 

•G 

24-4 

•7 

5-2 

•7 

7-9 

•7 

11-7 

•7 

17-1 

7 

24-6 

•s 

5li 

•8 

7-9 

•8 

11-8 

•8 

17-2 

•8 

247 

•9 

5 -a 

•9  . 

8-0 

•9 

11-8 

•9 

17'3 

•9 

24-8 

2  0 

r)-3 

8-0 

80 

14-0 

11-9 

20  0 

17-4 

2C0 

25  0 

•1 

5-3 

•1 

8-1 

•1 

120 

•1 

17-5 

•1 

25-1 
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•2 

8-1 

•2 

12-1 

4tf 

17-6 

•2 
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•3 

5-4 
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•3 

12-1 

•3 
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•3 
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•1 
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•4 
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•4 

12-2 

•4 

17-8 

•4 
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•r> 

5n 

0 

8-3 

•r> 

12-3 

•5 

17-9 

•5 

257 

•(; 

5-5 

m; 

83 

•G 

12-4 

•6 

i.so 

•6 

25-9 

•7 

r>-6 

8-4 

•7 

12  5 

•7 

18-2 

7 

2G0 

•8 

5-() 

•8 

8-5 

•8 

12-5 

•8 

18-3 

•8 

2G-2 

•9 

5 -a 

•9 

8-5 

•9 

12G 

•9 

18-4 

•9 

2G-4 

3() 

r>-7 

9u 

S-G 

15  0 

12-7 

210 

18-5 

27  0 

2G-5 

•1 

.'>7 

•1 

8-6 

•1 

12-8 

•1 

186 

•1 

267 

•o 

frS 

•2 

8-7 

•2 

12-9 

•2 

18-7 

26-8 

•3 

5-8 

•3 

8-7 

•3 

12-9 

•3 

18-8 

•3 

27*0 

•4 

5-8 

•4 

8-8 

•4 

13-0 

•4 

19-0 

•4 

27-1 

•;") 

f>-9 

T) 

8-9 

•5 

131 

•5 

191 

•5 

27-3 

'6 

r»'9 

•6 

8-9 

•G 

13-2 

•6 

19-2 

•G 

27-5 

•7 

0-0 

•7 

90 

•7 

13-3 

•7 

19-3 

7 

27' G 

•8 

0-0 

•8 

9  0 

•8 

13-4 

•8 

19-4 

•8 

27-8 

•9 

61 

•9 

9-1 

•9 

13-5 

•9 

19-5 

•9 

27-9 

4  0 

0  1 

10  0 

9-2 

lG-0 

13-5 

220 

197 

28-0 

2vl 

•1 

61 

•1 

9-2 

•1 

13-C 

•1 

19-8 

•1 

28 -3 

*2 

6 '2 

*2 

9-3 

•2 

13-7 

•2 

19-9 

'2 

28-4 

•3 

C-2 

•  o 

9-3 

•3 

13-8 

•3 

20-0 

•3 

28-G 

•4 

6-3 

•4 

9-4 

•4 

13-9 

•4 

20-1 

•4 

28-8 

•;') 

6-3 

•5 

9-5 

•5 

14-0 

•5 

20-3 

•5 

280 

•0 

6-4 

•6 

9-5 

•6 

14-1 

•() 

20-4 

•G 

29  1 

•7 

0-4 

•7 

9-6 

•7 

14-2 

•7 

20-5 

7 

29-3 

•8 

6-4 

•8 

9-7 

•8 

1^-2 

•8 

20-G 

•8 

29-4 

•0 

6-5 

•9 

9-7 

•9 

14-3 

•9 

20-8 

•9 

29- G 

5-0 

6-5 

11-0 

9-8 

17-0 

11-4 

23-0 

20-9 

29-0 

29-8 

•1 

60 

•1 

9-9 

•1 

14-5 

•1 

21-0 

•1 

30-0 

•o 

G'd 

9-9 

14  6 

"2 

21-1 

.o 

30-1 

■3 

6-7 

lOM) 

•3 

14-7 

•3 

21-3 

•3 

30-3 

•4 

6-7 

•4 

10-1 

•4 

14-8 

•4 

21-4 

•4 

30-5 

•r. 

6-8 

•5 

10-1 

•5 

14-9 

•5 

21-5 

•5 

307 

•0 

6-8 

•6 

10-2 

•6 

150 

•6 

217 

•G 

30-S 

•7 

G-9 

•7 

10-3 

•7 

15-1 

•7 

21-8 

7 

31-0 

•8 

6-9 

•8 

10-3 

•8 

15-2 

•8 

21-9 

•8 

31-2 

•9 

7  0 

•9 

10-4 

•9 

15-8 

•9 

22-1 

•9 

31*4 

§  S9. 


AV.VTER  ANALYSIS, 


427 


TABLE  2. 


Kaduction  of  Cubic   Oentimoters  of  Nitrosrcn  to  Qrams. 
0*0012562 
( I  +  0U0367O'"G0  ^^^  ^*'^^  *^"*^^  **'  *  degree  from  0*  to  30'  C. 


Log. 


t.C. 
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o  I 
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4 

5 


7 

8 

0 

lU 

11 
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Vi 
li 
IG 
1« 
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1« 


19 
20 
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21 
25 


26 
27 

28 
29 


01 


6-21821 
C(>5 
6u7 
319 
192 
035 


C-20.S79 
723 

&r>7 

413 
259 


10« 


619953 
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618 
497 
316 
196 
01(> 


I    _ 


0-19S07 
718 
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452 
305 
158 


•fn     > 
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785 
633 
482 
331 
181 
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137 
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143 


012  '  •997 
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432 


S51 

706 
501 
417 


0-2  '  0-3   0-4  1  0-5   06  i  07 


8C8 

491 
333 
177 

020 


861. 
708 
552 
397 

090 


793 
633 
475 
318 
161 
004 


818 
692 
536 
382 
228 
075 


r.   I  ^r-, 


923 
770 
618 

467 
316 
166 
016 


8r;7 

718 
570 
422 
275 
128 
►982 


837 
092 
5^17 
403 


/// 
617 
459 
302 
145 
•089 


701 
(>01 
443 
286 
130 
•973 


817 


833  , 
676   661 


521 
366 
213 
060 


907 
755 
6a3 
452 
801 
151 
001 


852 
703 
555 
•108 
261 
114 


•c; 


908 


822 
677 
532 
388 


505 
351 
198 
045 


892 
740 
588 
437 
286 
136 
•986 


887 
688 
540 
393 


099 
•953 


808 
663 
518 
374 


745 
586 

427 

270 

114 

•957 


801 
615 
491) 
335 
182 
029 


877 
724 
573 
422 
271 
121 
•971 


822 
673 
526 
378 


246   231 


084 


713 

554 
306 
239 
083 
•9*2  ;  *926 


729 
570 
412 
255 
098 


T86 


*..  ' 


s 
629 

474 
320 
167 


01 1  *^090 


862 
709 
558 
I07 
256 


i  106  :  091 
•956  •Oil 


807 

659  I 

511 

363 

216 

070 


•938  ^92  4 


703 
648 
503 
360 


779 

634  019 

489  ■  475 

345  331 


770 
614 
459 
30 1 
151 


846  , 
69  4  I 
5 13 
392 
211 


792 
&44 
496 
349 
202 
055 
^909 


764 


607 

681 

538 

522 

380 

364 

223 

208 

067 

051 

•911 

•895 

755 

739 

59S 

583 

443 

428 

289 

274 

136 

121 

•98i 

•969 

831 

816 

(>79 

661 

528 

513 

377 

302 

226 

211 

07r» 

061 

•926 

•911 

777 

762 

629 

614 

481 

466 

334 

319 

187 

172 

041 

026 

•895 

•880 

750 

735 

605 

690 

460 

446 

316 

302 

428 


VOLUMETRIC  ANALYSIS. 


§  89. 


TABLE  3. 

Lo88  of  Nitroffen  by  Evaporation  of  KH3. 
With  Sulphurous  Acid. 

Parts  per  100,000. 


Nss 

Loits 

Nas 

Loss 

Nas 

Losfi 

Nas 

Loss 

Naa 

Loss 

Nas 

Loss 

NH3. 

of  N. 

NH3. 

of  N. 

NH3. 

of  N. 

NH3. 

of  N. 
•370 

NH3. 

of  N. 

NH3. 

of  N. 

•009 

50 

1741 

3-9 

1-425 

2-8 

•898 

17 

•6 

•145 

•0^ 

4-9 

1717 

3-8 

378 

27 

•850 

1-6 

•338 

•5 

•109 

•03 

•007 

4-8 

l-fl93 

37 

•330 

2-6 

•802 

1-5 

•324 

•4 

•075 

•02 

•005 

47 

1-669 

36 

282 

2-5 

•754 

1-4 

•309 

•3 

•057 

•01 

•003 

4-6 

lft« 

3-5 

23i 

2-4 

•706 

1-3 

•295 

*2 

•o;« 

•008 

•002 

4-5 

1-621 

3-4 

186 

2-3 

•658 

1-2 

•280 

•1 

•020 

•007 

•001 

4*4 

1-508 

3-3 

•i;w 

2-2 

•610 

11 

•266 

•09 

•018 

4-3 

1-574 

3-2 

•090 

2-1 

•562 

10 

■252 

•OR 

•017 

4-2 

1-550 

3  1 

0*2 

2-0 

•514 

•9 

•237 

•07 

-015 

4-1 

1-521 

30 

•991 

1-9 

*466 

•8 

•217 

•06 

•013 

40 

1-473 

29 

•946 

1-8 

•418 

•7 

•181 

•l»5 

•on 

1 
1 

TABLE  4. 


Loss  of  Nitrogen  by  Evaporation  of  NHs. 
With  Hydrio  Metaphosphate. 


Parts  per 

100,000. 

e 

S 

c 

rated. 

• 

n 

^4 

• 

'A 

o 

ie 

• 
CO 

• 

o 

il 

• 

a 

S5 

• 

nine 
rated. 

• 

« 

a 

?5 

of  N. 

1^ 

9 

^ 

?s. 

s 

» 

iSS. 

OB 

2 

Pt 

as 

99 

>  a 

3 

>  eS 

Q 

>  tt 

V 

>  cS 

o 

> 

5z; 

I0(f 

> 

^       h^ 

^ 

"^ 

> 
V 

^ 

^ 

t 

100 

c.c. 

82 

•4S2 

C.C. 

59       ^385 

100  cc. 

3-6 

•281 

100  c.c. 

1-3 

•142 

•  ■  • 

81 

•477 

. 

6-8       ^381 

3-5 

•277 

1-2 

•i:w 

•  • 

80 

■473 

5-7       377 

... 

34 

•272 

11 

-1-29 

7-9 

•46!) 

66    .   ^373 

3-3 

•J67 

•  •• 

10 

-123 

7-8 

•465 

6-5   '  -.^58 

32 

•2<{1 

•  •• 

•9 

•117 

77 

•461 

5-4 

-.364 

31 

•255 

-8 

•111 

7-6 

•kW 

5-3 

•360 

... 

3  0    1 

■249 

250  c.c. 

.1 

•088 

75 

•452 

5-2 

•356 

2-9    . 

242 

•6 

•073 

7-4 

•448 

51 

•852 

2-8 

236 

•5 

•061 

7-3 

•444 

50    ■   •347 

27    1 

2:W 

500  c.c. 

•4 

•049 

72 

•440 

4-0       •.'?tt 

2-6 

223 

-.3 

(m 

7-1 

-435 

4-8       -338 

2-5 

217 

1000  c.c. 

••> 

•024 

7-0 

'4in 

47       •;I34 

2-4 

211 

•  •  • 

•1 

•012 

0-9 

•427 

4-6       -329 

2-3 

205 

•  ■  • 

•09 

•on 

6f.! 

•423 

4-5    .   •:J24 

2-2    i 

198 

-08 

■010 

67 

•419 

4-4       ^319 

21 

192 

•07 

•008 

6-6 

•414 

43    .   -315 

2-0 

186 

-06 

•007 

6-5 

•410 

42 

•310 

1-9 

180 

•(j5 

•006 

(;-4 

•406 

41 

-305 

1-8    ,   • 

173 

•04 

•005 

63 

-402 

40    !   -301 

17    '  ■ 

167 

•03 

•004 

6  2 

•398 

3-9       -296 

1-6    . 

161 

•02 

•002 

61 

•394 

3-8       -291 

1-5 

154 

« ■  • 

•01 

•001 

CO 

•389 

3-7 

•286 

•  •  • 

1-4 

118 

i 
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TABLE  5. 

Loss  of  Nitroflren  by  Evaporation  of  NB?*. 
With  SulphuroTis  Acid. 

Parts  per  100,000. 


Nlia. 

1 

!     LOSH 

of  N. 

6(» 

1-7-27 

5i» 

1707 

5-K 

1-688 

57 

1W» 

56 

1-648 

5-5 

1-628 

54 

1-<JOO 

aii 

1-58M 

5  2 

l-5()!» 

5-1 

1-540 

50 

1-530 

4i) 

1-41*0 

NH3. 


4-8 
47 
4-6 
4-5 
4-4 

4:; 
42 
41 
4-0 
39 
3-8 
37 


Losg 

of  N. 


1-451 
1-411 
1372 
1-332 
l-2ft3 
1-253 
1-214 
1-174 
1-135 
1005 
1056 
1-016 


NUa. 


36 
3-5 
3-4 
3  3 
32 
31 
3  0 
2-9 
2-8 
2-7 
2-6 
2-5 


1 

Loss 
of  N. 

NH3. 

•077 

2-4 

•im 

2-3 

.   •8«8 

•>.o 

•858 

2  1 

•810 

2  0 

•770 

1-0 

■740 

1-8 

•7C0 

17 

•661 

1-6 

•621 

15 

•582 

14 

•542 

13 

Loss 
of  N. 

NH3. 
1-2 

LoBfl 

of  N. 
•250 

NH3. 
•00 

liOBS 

of  N. 

•503 

•014 

•463 

1-1 

•238 

-08 

•013 

•424 

10 

•2-26 

-07 

•012 

•384 

•0 

•lor, 

•OG 

•010 

•345 

-8 

•166 

•<»5 

•009 

-33:J 

•7 

•136 

•04 

•007 

•321 

•6 

•106 

•03 

006 

•309 

•5 

•077 

■02 

■004 

•297 

•4 

•062 

•01 

•0  3 

•285 

•3 

-0^7 

•009 

•001 

•274 

*2 

(XJ2 

-262 

•1 

•017 

« 

TABLE  6. 

Loss  of  Nitroflren  by  Evaporation  of  NH3. 
With  Hydric  Metaphosphate. 

Parts  per  100,COO. 


• 

• 

• 

• 

• 

9% 

• 

• 

'A 

• 

X 

o 

II 

1     -c 

• 

^2: 

^4 

o 

^1 

»• 

o 

1 

1 

t^ 

s 

> 

^ 

l««l  CO. 

100 

-483 

1(jO  c.C. 

1 

7-2 

•.'W6 

100  c.c. 

:  4-4 

•2*'3 

100  CO. 

10 

i 

1   •J4.3 

l)!> 

-480 

. 

7-1 

.    -.IHI 

... 

4-3 

•j70 

1-5 

•137 

08 

-476 

... 

70 

-:C0 

... 

42 

•275 

1-4 

•1.32 

J»7 

■473 

•  •  • 

6  9 

-:J75 

... 

41 

•271 

1-3 

•127 

06 

•W!l 

... 

6-s 

•372 

■  •  • 

40 

•267 

12 

•122 

}»:• 

•466 

■  •  • 

6-7 

■   -.Uifi 

•  •  • 

30 

•2(}2 

11 

•117 

... 

U4 

-4»i2 

•  •  • 

&ti 

-n» 

... 

3-8 

•257 

,  , 

1-0 

•112 

... 

Ji.i 

•450 

.  >  • 

65 

•361 

... 

37 

•252 

J5»)  c.c. 

•0 

•096 

0-2 

-4.'>5 

•  •  • 

6-4 

•.158 

... 

36 

•247 

•  •  • 

•8 

•080 

0.1 

-152 

■  •  • 

63 

-354 

... 

3-5 

•242 

•  ■  • 

•7 

•070 

IK) 

•4lH 

•  •  ■ 

62 

351 

34 

•2;J6 

•6 

•(KW 

h;» 

VUi 

•  •  • 
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•  ■  • 

3-3 

•231 
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•5 

•05«) 

8-8 

-Ml 

•  ■  • 

6o 

-345 

•  •  • 

3-2 

•2-26 

•  •  • 

•4 

•040 

■  •  • 

K7 

•4;j8 
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50 

-.-Ml 

31 

•221 

•3 

•O:i0 

•  ■  • 

\>\\ 

■UM 

... 

5-8 

X)7 

30 

•216 

1000  c.c. 

•2 

•020 

.  >  • 

h-5 

•431 

•  •  • 

57 

-aw 

... 

2  0 

•211 

... 

•1 

•010 

... 

St 

•428 

■  •  • 

56 

•;cio 

... 

28 

•205 

... 

MID 

•o.»o 

... 

s:; 

•421 

•  •  • 

5-:» 

•:«6 

•  •  • 

27 

^IK) 

•OS 

•008 

•  -  • 

82 

-421 

•  •■ 

5  4 

•322 

... 

26 

•195 

... 

•07 

•007 

•  •  • 

8  1 

•417 

-  ■  • 

53 

-318 

•  • « 

2-5 

•100 

... 

•06 

•006 

•  •• 

Hi» 

-414 

•  •  • 

5  2 

•314 

•  •  • 

2-4 

•184 

•05 

•005 

■  •  • 

70 

-410 

•  •  • 

5  1 

•310 

•  •  • 

23 

•170 

'M 

•0(rt 

7s 

•407 

... 

5U 

•.'JOO 

... 

2  2 

•174 

... 

•03 

-003 

/   t 

-40tJ 

•  •  • 

40    , 

•302 

•  •  • 

21 

•16S» 

•02 

•Wj2 

76 

•40O 

•  •  « 

4-8 

•2;'8 

20 

•164 

•01 

•001 

... 

75 

•306 

•  •  ■ 

47 

2'»4 

... 

1-0 

-1.S8 

1           ' '  • 

7  t 

-:)<»:» 

•  •  • 

46 

-201 

1-8 

•153 

1 

•  •  • 

73 

•389 

... 

4-5 

•287 

... 

1-7 

•148 
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5.  Estimation  of  Total  Solid  Matter. — Evaporate  over  a  steaui 
or  water  bath  half  a  liter  or  a  le^s  (quantity  of  the  water  in  a  platinum 
dish  which  has  heen  heated  to  redness  and  carefully  weighed. 
The  water  should  l)e  filtered  or  unfiltered,  according  to  tlie  decision 
made  in  that  respect  at  the  commencement  of  the  analysis.  The 
quantity  to  be  taken  is  regidated  chiefly  by  the  amount  of  nitrate 
present,  as  the  residue  from  this  operation  is,  with  certain  exceptions, 
employed  fov  tlie  determination  of  the  nitrogen  as  nitrates  and 
nitrites.  As  a  general  rule,  for  water  supplies  and  river  water 
lialf  a  liter  should  be  used ;  for  shallow  well  waters,  a  quarter 
of  a  liter.  Of  sewages,  100  c.c,  and  of  waters  containing  more  • 
than  0*08  part  of  nitrogen  as  annuonia  per  100,000,  a  (piarter  of 

a  liter  will  generally  be  convenient,  as  in  these  cases  the  residue 
will  not  be  used  for  the  estimation  of  nitrogen  as  nitrates  and 
nitrites ;  and  the  only  i)oint  U.)  be  considered  is  to  have  a  quantity 
of  residue  suitable  to  weigh.  It  is  desirable  to  support  the  platinum 
dish  during  evaporation  in  a  glass  ring  with  a  flange,  sha})ed  like 
the  top  of  a  beaker,  the  cylindrical  part  being  about  20  m.m.  deej). 
This  is  dropj)ed  into  the  mettd  ring  on  the  wat-er  bath,  and  thus 
lines  the  metal  with  glass,  and  keeps  the  dish  clean.  A  glass 
disc  with  a  hole  in  it  to  receive  the  dish  is  not  satisfactory,  as 
droi)s  of  Avater  conveying  solid  matter  find  their  way  across  the 
under  surface  from  the  metal  vessel  to  the  dish,  and  thus  soil 
it.  As  soon  as  the  evaporation  is  complete,  the  dish  with  the 
residue  is  removed,  its  outer  side  wij^ed  dry  with  a  cloth,  and 
it  is  dried  in  a  water  or  steam  oven  fur  about  three  hours.  It 
is  then  removed  to  a  desiccator,  allowed  to  cool,  weighed  as  rapidly 
as  possible,  n^turned  to  the  oven,  and  weighed  at  intervals  oi  an 
hour,  until  between  two  successive  weighings  it  has  lost  less  than 
0-001  gm. 

6.  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites. — The  residu(> 
obtained  in  the  preceding  oi)eration  may  be  us(;d  for  this  estimation. 
Treat  it  witii  al)out  30  c.c.  of  hot  distilled  water,  tiiking  care  to 
submit  the  whole  of  the  residue  to  its  action.  To  ensure  this  it 
is  advisable  to  rub  the  divsh  gently  with  the  flnger,  so  as  to  detach 
the  solid  matter  as  far  as  i)()ssible,  and  facilitate  the  solution  of 
the  soluble  matters.  The  finger  may  be  (jovered  by  a  caoutchouc 
finger-stidl.  Then  filter  through  a  very  small  filter  of  Swedish 
])aper,  washing  the  dish  several  times  with  small  quantities  of  hot 
distilled  water. 

The  filtrate  must  be  evaporated  in  a  very  small  beaker,  over 
a  steam  bath,  until  reduced  to  about  I  c.c,  or  even  to  dryness. 
This  concentrated  solution  is  introduced  into  the  glass  tube  shown 
in  fig.  63,  standing  in  the  ijorcelam  mercury  trough,  filled  up  to 
the  stop-cock  with  mercury.  (If  the  nitrometer  of  Lunge  is 
used  in  place  of  C rum's  tube,  the  use  of  the  laboratory  tube  and 
gas  apparatus  is  avoided.)      The  tube  is  210  m.m.  in  total  length, 
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and  15  in. in.  in  internal  diameter.  By  pouring  the  liquid 
into  the  cup  at  the  t^>p,  and  then  cautiously  openin^^  the 
stop-cock,  it  may  l)e  run  into  the  tuhe  without  admittiiipj 
any  air.  The  beaker  is  rinsed  once  with  a  very  litUe  hot 
distilled  water,  and  then  two  or  three  times  with  strong 
suli)huric  ac^id  (C.  a,),  the  volume  of  acid  l)eing  to  that  of 
the  aqueous  sohition  about  (u<  3  :  2.  The  total  volume  of 
acid  and  water  should  lie  al)Out  6  c.c.  Should  any  air  by 
chance  b(i  admitted  at  this  stage,  it  may  readily  be  removed 
by  8U(;tion,  the  lips  being  applied  to  the  cup.  With  care 
there  is  but  little  danger  of  getting  acid  into  the  mouth. 

In  a  few  cases  carbonic  anhydride  is  given  off  on 
addition  of  sul[»liuric  acid,  and  must  be  sucked  out  before 
proceeding. 

Xow  grasp  the  tube  firmly  in  the  hand,  closing  the  ojien 
end  by  the  thumb,  which  should  be  first  moistened ; 
withdniw  it  from  the  trough,  incline  it  at  an  angle  of  about 
45',  the  cup  pointing  from  you,  and  shake  it  briskly  with 
a  rapid  motion  in  the  direction  of  it^  length,  so  jis  to 
throw  the  mercury  u[»  towanls  the  sto])-cock.  After 
rig.  (J3.  a  very  little  practic^e  there  is  no  danger  of  the  acid  finding 
its  way  down  to  the  thumb,  the  mixture  of  acid  and 
mercury  being  confined  to  a  comparatively  small  portion  of  the 
tube.  In  a  few  seconds  some  of  the  mercury  l>ecomes  very  finely 
divided  ;  and  if  nitrates  be  present,  in  al)Out  a  minute  or  less 
iiitricr  oxide  is  evolved,  exerting  a  strong  pressure*  on  the  thumb. 
Mercury  is  allowed  to  escape  as  the  reaction  proceeds,  by  j^artially, 
but  not  wholly,  relaxing  the  pressure  of  the  thumb.  A  slight 
excess  of  pressure  should  be  maintained  within  the  tube  to  j)revent 
entrance  c>f  air  during  the  agiUition,  which  must  be  c(mtinued 
until  no  more  gas  is  evolved. 

When  the  <[uantity  of  nitrati*  is  very  large,  the  mercury,  on 
shaking,  breaks  up  into  irregular  masses,  which  adhere  to  one 
another  as  if  alloyed  with  lead  or  tin,  and  the  whole  forms  a  stiff 
dark-coloured  paste,  whiirli  it  is  sometimes  very  difficult  to  shake ; 
but  nitric  oxide  is  not  evolve<l  for  a  considerable  time,  then  comes 
off  slowly,  and  afterwards  with  very  great  rapidity.  To  have  room 
for  the  gjis  evolved,  the  ojierator  should  endeavour  t<^)  shake*  the 
tube  so  as  to  employ  as  little  as  [)0ssible  of  the  contained  mercury 
in  the  reaction.  At  the  close  of  the  operation  the  finely  divided 
mercury  will  consist  for  the  most  part  of  minute  spheres,  the  alloyed 
aj^pearance  being  entirely  gone.  An  experiment  with  a  largo 
([uantity  of  nitrate  may  often  be  saved  from  loss  by  firmly  resisting 
the  escape  of  mercury,  shaking  until  it  is  judged  by  the  appearance 
of  th<'-  (contents  of  the  tube  that  the  reaction  is  complete,  and  then 
on  restoring  the  tube  to  the  mercury  trough,  allowing  the  finely- 
divided  mercury  also  to  escape  in  part.  If  the  gas  evolved  be  not 
more  than  the  tube  will  hold,  and  there  be  no  odour  of  pernitric 


432  VOLUMETKIC  ANALYSIS.  §    89. 

oxide  from  the  escaped  finely-divided  mercury,  the  operation  may 
l3e  considered  successful.  If  the  amount  of  nitrate  be  too  large, 
a  smaller  (piantity  of  the  water  must  be  evaporated  and  the  oi)eration 
repeated.  When  no  nitrate  is  present,  the  mercury  usually 
manifests  very  little  tendency  to  Injcome  divided,  that  which  does 
so  remains  bright,  and  the  acid  liquid  does  not  become  so  turbid  as 
it  does  in  other  cases. 

The  roaction  completed,  the  tube  is  taken  up  closed  by  the 
thumb,  and  the  gas  is  decanted  into  the  laboratory  vessel,  and 
measured  in  the  usual  way  in  the  gas  appai-atus.  The  nitric  acid 
tube  is  of  such  a  length,  that  when  the  cup  is  in  contact  with  the 
end  of  the  mercury  trough,  the  open  end  is  just  under  the  centre 
of  the  laboratory  vessel.  If  any  acid  has  been  expelled  from  the 
tube  at  the  close  of  the  shaking  operation,  the  end  of  the  tul)e  and 
the  thumb  shoidd  be  washed  with  water  before  introducing  into 
the  mercury  trough  of  the  gas  apparatus,  so  as  to  remove  any  acid 
which  may  be  adhering,  which  would  destroy  the  wood  of  the 
trough.  Before  ])assing  the  gas  into  the  measuring  tube  of  the  gas 
apparatus,  a  little  mercury  shoidd  be  allowed  to  run  over  into  the 
laboratory  vessel  to  remove  the  acid  from  the  entrance  to  the 
capillary  tube. 

As  nitric  oxide  contains  half  its  volume  of  nitrogen,  if  half 
a  liter  of  water  has  been  employed,  the  volume  of  nitric  oxide 
ol)tained  will  be  equal  to  the  volume  of  nitrogfni  present  as  nitrates 
and  nitrites  in  one  liter  of  the  water,  and  the  weight  of  the 
nitrogen  may  be  calculated  as  directed  in  the  paragraph  on  the 
estimation  of  organic  carbon  and  nitrogen. 

AVhen  more  than  0*0(S  part  of  nitrogen  as  ammonia  is  present  in 
100,000  ])arts  of  liquid,  there  is  danger  of  loss  of  nitrogen  by 
dec(jmposition  of  ammonic  nitrite  on  evai)oration ;  and  therefore 
the  residue  from  the  estimation  of  total  solid  matter  cannot  be 
used.  In  such  cases  acidify  a  fresh  quantity  of  the  liquid  Avith 
dilute  hytlric  sul[>hate,  add  solution  of  potassic  [)ermanganate, 
a  little  at  a  time,  until  the  pink  colour  remains  for  about  a  minute, 
and  render  the  li([uid  just  alkaline  to  litmus  paper  with  sodic 
carbonate.  The  nitrites  ])resent  will  then  be  converted  into 
nitrates  and  may  l)e  evaporated  without  fear  of  loss.  Use  as  little 
of  each  reagent  as  possil)le.  Sewage  may  be  examined  in  this 
way ;  but  it  is  hardly  necessary  to  attempt  the  determination, 
as  sewage  is  idmost  invariably  free  from  nitrati}s  and  nitrites. 
Out  of  several  hundred  sj)ecimens,  the  writer  only  found  two 
r)r  three  which  contained  any,  and  even  then  only  in  very 
small  ([uantity. 

7.  Estimation  of  Nitrogen  as  Nitrates  and  Nitrites  in  Waters 
containing  a  very  lar^e  quantity  of  Soluble  Hatter^  with  but  little 
Ammonia  or  Organic  Nitrogen. — When  tlie  quantity  of  soluble 
matter  is  excessive,  as,  for  example,  in  sea-water,  the  preceding 
method  is  inapplicable,  as  the  solution  to  be  enqjloyed  cannot  be 
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roducpil  to  a  suiriciL'iitly  small  hulk  to  j^o  into  tho  shaking;  tul>o. 
If  the  quantity  of  or^inio  nitroj^'en  he  lo.'^s  than  0*1  j)art  in  100,000, 
tho  nitroj^'cn  as  iiitnitijs  and  nitrit<>s  may  j^cMirrally  W'  detcTmined 
by  tho  fr)ll()winj^  modification  of  Srhulze's  method  (hjvisod  by 
K.  T.  Chapman.  To  200  cc.  of  tho  waU'r  add  10  v.c.  of  sodic 
hydrato  solution  (C.  <),  and  ImmI  briskly  in  an  oj)on  ])oroolain  dish 
until  it  is  roducod  to  about  70  e.r.  Whon  cold  pour  tho  residue 
into  a  tidl  ;^dass  cylinder  of  about  120  (;.c.  cajwicity,  ami  rinse  the 
dish  with  wat<'r  free  from  ammonia.  Add  a  juece  of  aluminium 
foil  of  about  15  sq.  contim.  area,  loadinj^  it  with  a  piece  of  clean 
^lass  r»)d  to  keej)  it  from  tloatin;;'.  Close  the  mrmth  of  the  cylinder 
with  a  cork,  bearinj^  a  small  tube  lilled  with  pumice  (C.  f ),  moistened 
with  hydric  chloride  free  from  ammonia  (C.  i;). 

Hydrogen  will  sj)eedily  Ijc  pven  oil'  from  the  surfa<:e  of  tho 
aluminium,  and  in  Jive  or  six  hours  the  whole  of  the  nitro|:^'cn  as 
nitnites  an<l  nitrit<?s  will  be  converted  into  ammonia.  Transfer  to 
a  small  retort  the  iionU^nt-s  of  the  cylinder,  together  with  the 
jmmiiie,  washing  the  whole  apparatus  with  a  little  water  fn.'o  from 
ammr)nia.  Distil,  and  estimate  ammonia  in  tho  usual  wav  with 
JS'  esslcr  solution.  It  appears  impo.ssible  wholly  to  exclude  ammcmia 
from  tlie  reagents  and  apjiaratus,  and  therefore  some*  blank  exj)eri- 
ments  should  bo  made  ti)  ascertain  the  corre<'tion  to  be  apjdied  for 
tliits.    This  correction  is  very  small,  and  jipiJcai-s  to  be  n(?arly  consUuit. 

8.  Estiznation  of  Nitroflren  as  Nitrates  and  Nitrites  by  the  Indiffo 
Process. — This  method  will  be  described  further  on. 

0.     Estixnatioxi    of    Nitrates   as   Aznznonia    by   the    Copper-zinc 
Couple. — It  is  well  known  that  when  zinc  is  imniersiHl  in  copper 
sulphati^.    solution  it  becomes  co veered  with    a    sjjongy  deiH)sit  of 
precipit4it<Ml    copper.     If    the    soluticm    of    coj)per    sidphaU^    be 
sutKciently  dilute,  this  d(*])Osit  of  copp<»r  is  black   in  colour  and 
firmly  adherent    to    the    zinc.     It   is,  however,    not  so  generally 
known  that  the  zinc*  upon  which  copper  has  thus  l>een  deposited 
possesses  the  )»ower  of  decomposing  pure  distilled  water  at  the 
ordinary  temperature,  and  that   it  is  capable  of    efle(;ting  many 
<»ther  decomi)ositions  wliicih  zinc  alone  cannot.     Among  these  is 
the  decomposition  of  nitrates,  and  the  transformation  of  the  nitric 
acid  into  ammonia.      ( Gladstone    and    Tribe    hav<^  shown  that 
the  a(!tion  of  the  "  coi»per-zinc  couple  "  (as  they  call  the  con.joine<l 
metals)   upon  a  nitre  solution  consists  in  the  electrolysis  of  the 
nitre,  resulting  in  the  lil)eration  of  hydrogen  and  the  formation 
of  zinc  (»xide.     This   hydrogen    is   lil)enited    ui)on   and    occluded 
by  the  spongy  coi)por,  and  when  thus  occluded,  it  is  capjdile  of 
reducing  the  nitre  solution  in  its  vicinity.     Tho  nitratii  is  lirst 
reduced    to    nitrite,  and  the  nitrous  acid    is    subsecpiently  trans- 
formetl    into   ammonia    bv  the  further   action    of   the  hvdrogen. 
M.   W.   Williams  has  shown  (/.  C.  S.  1881,   100)  that  even  in 
V4Ty  <lilut(;  solutions  of   nitre  the  nitric  acid  can  be  completely 

F    F 


434  VOLUMETRIC  ANALYSIS.  §    89. 

converted  into  ammonia  in  this  manner  with  considerable  rapidity; 
and  furtlier,  that  the  reaction  may  be  greatly  hastened  by  taking 
advantage  of  the  influence  of  temperature,  acids,  and  certain 
neutrid  salts,  which  increase  the  electrolytic  action  of  the  couple. 
His  experiments  prove  that  carbonic  acid — feeble  acid  as  it  is — 
suffices  to  treble  the  speed  of  the  reaction,  and  that  tracer  of  sodic 
chloride  (0*1  per  cent.)  accelerated  it  nearly  as  much  as  carbonic 
acid.  A  rise  of  a  few  degrees  in  temperature  was  also  found  to 
hasten  the  reaction  in  a  very  marked  degree.  The  presence  of 
alkalies,  alkaline  earths,  and  salts  having  an  alkaline  reaction,  was 
found  to  retard  the  speed  of  the  reduction. 

Williams  has,  upon  those  ex{>eriments,  founded  a  simple  and 
expeditious  process  for  estimating  the  nitric  and  nitrous  acid  in 
water  analysis,  which,  when  used  with  skill,  may  be  applied  to  by 
far  the  greater  number  of  waters  with  which  the  analyst  is  usually 
called  upon  to  deal  (AncUysfy  1881,  36).  The  requisite  copper-zinc^ 
couple  is  prepared  in  the  following  manner : — The  zinc  employed 
should  be  clean,  and  for  the  sake  of  convenience  should  be  in  the 
form  of  foil  or  very  thin  sheet.  It  should  bo  introduced  into 
a  Hask  or  bottle,  and  covered  with  a  solution  of  copper  sulphate, 
containing  about  3  per  cent,  of  the  crystallized  salt,  which  should 
be  allowed  to  remain  upon  it  until  a  copious,  iirmly  adherent  coating 
of  black  coi>per  has  been  deposited.  This  deposition  should  not 
be  pushed  too  far,  or  the  copper  will  be  so  easily  detaehoil  that  tlu^ 
couple  caimot  be  washed  without  impairing  its  activity.  "When 
sufficient  copper  has  been  deposited  the  solution  should  be  poured 
off,  and  the  conjoined  metals  washed  with  distilled  water.  The 
Avet  couple  is  then  ready  for  use. 

To  use  it  for  the  estimation  of  nitrates  it  should  be  made  in 
a  wide-mouthed  stoppered  bottle.  After  washing,  it  is  soaked  with 
distilled  water  ;  to  displace  this,  it  is  first  washed  with  some  of  the 
Vfr'ater  to  be  analyzed,  and  the  bottle  filled  up  wnth  a  further 
quantity  of  the  water.  The  sto|)per  is  then  inserted,  and  the  bottle 
allowed  to  digest  in  a  warm  place  for  a  few  hours.  If  the  bottle- 
be  well  filled  and  stoppered,  the  temi)eraturc  may  be  raised  to- 
30"  C,  or  even  higher,  without  any  fear  of  losing  ammojiia.  The- 
reaction  will  then  proc^eed  very  rapidly ;  but  if  it  l>e  desired  to. 
hasten  the  reaction  still  more,  a  little  salt  should  be  added  (about 
O'l  gm.  to  every  100  c.c),  or  if  there  be  any  objection  to  this,,  the- 
water  may  have  carbonic  acid  passed  through  it  for  a  few  minuter* 
before  it  is  poured  u])on  the  couple.  In  the  case  of  calcareous 
waters,  the  same  hastening  effect  may  be  obtained,  and  the  linit^ 
may  at  the  same  time  be  removed  by  adding  a  very  little  pure 
oxalic  acid  to  the  water  before  digesting  it  upon  the  couple. 
"Williams  has  shown  that  nitrous  acid  always  remaineil  in  the 
solution  imtil  the  reaction  was  finished.  By  testing  for  nitrous 
acid  tin;  completeness  of  the  reaction  may  be  ascertained  with- 
certainty,  and  perhaps  the  most  delicate  test  that  can  be  applied  for 
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this  purpose  is  that  of  Gricss,  in  which  mctaphcnylenc-diamine 
is  the  reiigent  employed.  When  a  sohition  of  tliis  substiince  is 
added  to  a  portion  of  the  iiuid,  and  acidified  with  suli)huric 
acid,  a  yellow  colouration  is  produced  in  about  half  an  hour  if 
the  letist  trace  of  a  nitrite  ])e  present.  The  reaction  easily  detects 
one  part  of  nitrous  acid  in  ten  millions  of  water.  When  no 
nitrous  acid  is  found,  the  waUir  is  poured  off  the  couple  inta 
a  .stoj)pered  bottle,  and,  if  turbid,  allowed  to  subside.  A  portion 
of  the  clear  iluid,  more  or  less  according  to  the  concentration  of 
the  nitrates  in  the  water,  is  ])ut  into  a  Xessler  glass,  diluted  if 
necessary,  and  titrated  with  Xessler's  reagent  in  the  ordinary  way. 

Tliis  process  may  be  used  for  the  majority  of  ordinary  waters — 
f<ir  those  that  are  coloured,  and  those  that  contain  magnesium  or 
other  Kubstiinces  sufficient  to  interfere  with  the  Xessler  reagent, 
a  portion  of  the  iluid  poured  oil'  tiie  couple  should  be  put  intf> 
a  small  retort,  and  distilled  with  a  little  pure  lime  or  sodic 
carbonate,  and  the  titration  of  the  ammonia  i)erformed  upon  the 
distillates. 

About  one  square  decimeter  of  zinc  should  be  used  for  every 
200  c.c.  of  a  water  containing  five  j)arts  or  less  of  nitric  acid  m 
100,000.  A  large  pro|)ortion  should  be  used  witli  waters  richer 
in  nitrates.  The  cou])le,  after  washing,  may  be  used  for  two  or 
three  wat(3rs  more.  When  either  carbonic  or  oxalic  or  any  other 
acid  has  been  added  to  the  water,  a  larger  ])ro]>ortion  of  N easier 
reagent  shoidd  be  employed  in  titrating  it  than  it  is  usual  to  add. 
.'5  c.c.  to  100  of  the  water  are  sulUcicjnt  in  almost  all  cas(»s. 

JUunt  (AnaJi/af  vi.  202)  points  out  that  the  above  process  may 
be  used  without  distillation,  and  with  accuracy,  in  the  c^ise  of  any 
wat<;r,  l)y  adding  oxalic  acid  to  a  double  quantity  of  the  sample, 
dividing,  and  using  one  j)ortion  (clarified  completc^ly  by  subsidence 
in  a  closely  stoppered  bottle)  as  a  comparison  liquid  for  testing 
against  th<i  other,  Avhich  has  been  treated  with  the  copper-zinc 
rouj)le.  When  dilution  is  used  it  must  be  done  in  both  portions 
equally.  This  ])lan  possesses  the  advantages  that  an  equal  turbidity 
is  produced  by  Xessler  in  l)oth  portions,  and  any  traces  of 
ammonia  contiiined  in  the  oxalic  acid  will  have  the  error  due  to  it 
corrected. 

In  cidculating  the  amount  of  nitric  acid  contained  in  a  water 
from  the  amount  of  ammonia  obtained  in  this  process,  deductions 
must  of  course  l>e  made  for  any  ammonia  pre-existing  in  the  water, 
as  well  as  for  that  derived  from  any  nitrous  acid  present. 

10.  Estimation  of  Nitrites  by  Oriess's  Method. — 100  c.c.  of 
the  water  are  placed  in  a  Xessler  glass,  and  1  c.c.  each  of 
meta|>henylene-<liamine  and  dilute  acid  (p.  404)  addcnl.  If  colour 
is  rapidly  produced  the  water  must  be  diluted  with  distilled  water 
free  from  S'Hy\  and  other  trials  made.  The  dilution  is  sutticient 
when  colour  is  plainly  seen  at  the  end  of  one  minute.     The  weak 
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point  of  tlie  proccjss  is  that  the  colour  is  ])rogressively  devoloped  ; 
however,  this  is  of  little  consequence  if  the  comparison  with 
standard  nitrite  is  made  under  the  same  conditions  of  temperature, 
dilution,  and  duration  of  experiment.  TAventy  minutes  is  a 
sufficient  time  for  allowing  the  colours  to  develop  before  final 
comparison. 

M.  W.  Williams  obviates  the  uncertainty  of  the  comparison 
tests  by  using  colourless  Xessler  tubes,  30  m.m.  wide  and 
200  m.m.  long,  graduated  into  millimeters.  They  are  used  as 
follows : — The  comparison  of  the  water  to  bo  examined  with  the 
standard  nitrite  is  roughly  ascertained  ;  the  glasses  are  then  filled 
to  the  same  height,  and  the  test  added,  and  allowed  to  stind  a  few 
minutes.  Usually  one  will  be  somewhat  deeper  than  the  other. 
The  height  of  the  deeper-coloured  liquid  is  read  oil*  on  the  scale, 
and  a  portion  removed  with  a  pii)ette,  until  the  colours  corresi)ond. 
The  amount  of  N^(3'*  in  the  shortened  column  is  taken  as  equal  to 
the  other,  when  a  simple  calculation  w411  show  the  amount  sought. 

11.  Estimation  of  Nitrites  by  Naphthylamine. — AVarington 
(/.  C,  S.  1881,  231)  has  drawn  attention  to  this  test,  originally 
devised  by  Griess,  and  which  is  of  such  extreme  delicacy,  that 
by  its  means  it  is  possible  to  detect  one  part  of  N-Cl)'^  in  a  thousand 
millions  of  water. 

llosvay  has  improved  this  test  by  using  acetic  acid  instead  of 
a  mineral  acid.  The  colour  is  more  intense  and  more  rapidly 
developed.  lie  dissolves  (1)  0*5  gm.  of  sulphanilic  acid  in  150 
c.c.  of  dilute  acetic  acid,  (2)  boils  0*1  gm.  of  a-naphthylamine 
with  20  c.c.  of  water,  pours  off  the  colourless  solution,  and  mixes 
it  with  150  c.c.  of  dilute  acetic  acid.  These  two  solutions  are 
mixed,  thus  gaining  the  advantage  of  ha\4ng  a  single  reagent 
instead  of  two,  and  one  which  indicates  by  its  colour  whether  it 
has  become  contiiminated  by  nitrous  acid  derived  from  the  air.  The 
mixture  is  not  affected  by  light,  but  should  be  protected  from  the 
air.  Shoidd  it,  however,  become  coloured  by  absorption  of  nitrous 
acid,  it  niav  be  shaken  witli  zinc-dust  and  filtered. 

This  test  is  almost  too  delicate  to  be  used  quantiUitively,  but  is 
evidently  very  serviceable  as  a  quantitative  test  for  very  minute 
quantities  of  nitrous  acid.  Ly  its  means  AVarington  has  detected 
nitrous  acid  in  the  atmosphere  of  various  places  by  exposing  water 
containing  a  few  drops  of  the  requisite  solutions  to  the  air  in  a  basin 
for  a  few  houi-s ;  the  like  mixture  kept  in  a  closed  flask  or  cylinder 
at  the  same  time  undergoing  no  change  of  colour. 

12.  Estimation  of  Nitrites  by  Potassic  Iodide  and  Starch. — E  kin 
has  jKnnted  out  (PJiarm.  Trann,  1881,  286)  that  this  well-known 
test  will  give  the  blue  colour  with  nitrous  acid  in  a  few  minutes, 
when  the  proportion  is  one  part  in  ten  millions ;  in  twelve  hours 
when  one  j^art  in  a  himdred  millions  ;  and  in  forty-eight  houi-s 
when  one  in  a  thousand  millions.     Experience  has  proved  that 
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waters  charged  with  much  organic  matter  must  he  clarifioil  hy  the 
addition  of  a  little  pure  alum,  then  well  agitated  and  filtered 
hefore  testing. 

Ekin  used  acetic  acid  for  acidifying  the  water  to  be  tested,  and 
l)lank  experiments  with  j)ure  water  were  simultaneously  carried  on. 
Sulj)huric  or  hydrochloric  acid  will,  no  doubt,  give  a  sharper 
reaction,  but  both  these  acids  are  more  liable  to  contain  impurities 
affecting  the  reaction  than  is  the  case  with  pure  acetic  acid.  Owing 
to  the  instiibility  of  alkaline  iodides,  zinc  iodide,  however,  is  not 
open  to  this  objection,  and  is  now  generally  used. 

13.  Estimation  of  Suspended  Matter. — Filters  of  Swedish  paper, 
about  110  m.m.  in  diameter,  are  i)acked  one  inside  another,  about 
IT)  or  20  together,  so  that  water  will  pass  through  the  whole  group, 
moist(.'ned  with  dilute  hydro<'hloric  acid,  washed  with  hot  distilled 
water  until  the  washings  cease  to  contain  chlorine,  and  <lried.  The 
ash  of  the  pa[)er  is  thus  reduced  by  about  60  j^er  cent.,  and  must 
be  determined  for  each  parcel  of  filter  [)aper  by  incinerating  10 
filters,  and  weighing  the  aslu  For  use  in  estimating  suspended 
matter,  these  washed  filters  must  l)e  dried  for  several  hours  at 
120 — 130'  C,  and  each  one  then  weighed  at  intervals  of  an  hour 
until  the  weight  ceases  to  diminish,  or  at  least  until  the  loss  of 
wio'ght  between  two  consecutive  weighings  does  not  exceed  0*0003 
gm.  It  is  most  convenient  to  enclose  the  filter  during  weighing  in 
two  short  tu])es,  fitting  closely  one  into  the  other.  The  closed  ends 
of  test  tubes,  50  m.m.  long,  cut  off  by  leading  a  crack  round  with 
the  ai»l  of  a  pastille  or  very  small  gas  jet,  the  sharj)  edges  being 
afterwards  fused  at  the  blow-pipe,  answer  perfectly.  Each  pair  of 
tubes  should  hav(^  a  distinctive  number,  Avhich  is  marked  with 
a  diamond  on  both  tubes.  In  the  air  bath  they  should  rest  in 
grooves  formed  by  a  folded  sheet  of  paper,  the  tubes  being  di*awn 
ai)art,  and  the  filter  almost,  but  not  (juite,  out  of  the  smaller  tube. 
They  can  then  be  shut  up  whilst  hot  by  gently  pushing  the  tubes 
together,  ])eing  guided  by  the  grooved  pa[)er.  They  re(piire  to 
remain  about  twenty  minutes  in  a  desiccator  to  cool  before  weighing. 
Filtration  will  be  nnich  accelerated  if  the  filters  be  ribbed  before 
drying.  As  a  general  nde,  it  will  be  sufficient  to  filter  a  quarter 
of  a  liter  of  a  sewage,  half  a  liter  of  a  highly  j)olluted  river,  and 
a  liter  of  a  less  polluted  water  ;  but  this  must  be  frequently  varied 
to  suit  individual  cases.  Filtration  is  hastened,  and  trouble 
diminished,  by  i)utting  the  liquid  to  be  filtered  into  a  narrow- 
necked  flask,  which  is  inverted  into  the  filter,  being  supported  by 
a  funnel-stiind,  the  ring  of  which  has  a  slot  cut  through  it  to  allow 
the  neck  of  the  flask  to  pass.  With  practice  the  invei*sion  may 
be  accomplished  without  loss,  and  without  previously  closing  the 
mouth  of  the  flask.  Wh(*n  all  has  passed  through,  the  flask  should 
])(*  rinsed  out  with  distilled  water,  and  the  rinsings  added  to  the 
filter.     Thus  any  i)articles  of  solid  matter  left  in  the  flask  arc 
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secured,  and  the  liquid  adhering  to  the  suspended  matter  and  filter 
is  displaced.  The  filtrate  from  the  washings  should  not  be  added 
to  the  previous  filtrate,  which  may  be  emi)loyed  for  determination 
of  total  solid  matter,  chlorine,  hardness,  etc. 

Thus  washed,  the  filter  with  the  matter  upon  it  is  dried  at 
100"  C,  then  transferred  from  the  funnel  to  the  same  pair  of  tubes 
in  whicli  it  was  previously  weighed,  and  the  operation  of  drying  at 
120°  -  130"  C.  and  weighed  until  constant  repeated.  The  weight 
thus  obtained,  minus  the  weight  of  the  empty  filter  and  tubes, 
gives  the  weight  of  the  total  suspended  matter  dried  at  1 20"  -  ISO*"  C. 

To  ascertain  the  quantity  of  mineral  matter  in  this,  the  filter 
with  its  contents  is  incinerated  in  a  platinum  crucible,  and  the 
total  ash  thus  determined,  minus  the  ash  of  the  filter  alone,  gives 
the  weight  of  the  mineral  suspended  matter. 

14.    Estimation  of  Chlorine  present  as  Chloride. — To  50  cc.   of 

the  water  add  two  or  three  drops  of  solution  of  i)otassic  chromate 
(D.  /3),  so  as  to  give  it  a  faint  tinge  of  yellow,  and  add  gi-adually 
from  a  burette  standard  solution  of  silver  nitrate  (D.  a),  until  the 
red  silver  chromat<j  which  forms  after  each  additiuii  of  the 
nitrate  ceases  to  disappear  on  shaking.  The  number  of  cc.  of 
silver  solution  employed  will  express  the  chlorine  jjresont  as 
chloride  in  j)arts  in  100,000.  If  this  amount  be  much  more  than 
10,  it  is  advisable  to  take  a  smaller  quantity  of  water. 

If  extreme  accuracy  be  necessary,  after  completing  a  det<?rmination, 
destroy  the  slight  red  tint  by  an  excess  of  a  soluble  chloride,  and 
repeat  the  estimation  on  a  fresh  quantity  of  the  water  in  a  similar 
fltusk  placed  by  the  side  of  the  fonuer.  By  comparing  the  contents 
of  the  fiasks,  the  first  tinge  of  red  in  the  second  fiask  may  be 
<letected  with  great  accuracy.  It  is  absolut4?ly  necessary  that  the 
liquid  examined  should  not  be  acid,  unless  with  carbonic  acid,  nor 
more  than  very  slightly  alkaline.  It  must  also  l)e  colourless,  or 
nearly  so.  These  conditions  are  generally  found  in  waters,  but,  if 
not,  they  may  be  brought  about  in  most  cases  by  rendering  the 
Jiquid  just  alkaline  with  lime  water  (free  from  chlorine),  i)assing 
•carbonic  anhydridcj  to  saturation,  boiling,  and  filtering.  The  calcic 
carbonate  has  a  powerful  clarifying  action,  and  the  excess  of  alkali 
is  exactly  neutralized  by  the  carbonic  anhydride.  If  this  is  not 
successful,  the  water  must  be  rendered  alkaline,  (evaporated  to 
dryness,  and  the  residue  gently  heat<;d  to  destroy  organic  matter. 
The  chlorine  may  then  be  extracted  with  water,  and  estimated  in 
the  ordinary  way,  either  gravimetrically  or  volumetrically. 

16.  Estimation  of  Hardness. — The  following  method,  devised  ])y 
the  late  Dr.  Thomas  Clark,  of  Aberdeen,  is  in  general  use  ;  and 
from  its  ease  and  rapidity  is  of  some  value,  though  it  can  hardly 
be  called  accurate.  (For  estimating  tlie  hardness  of  waters 
without  soap  solution  see  page  71.) 

Uniformity  in  conducting  it  is  of  great  importance ;  especially 
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the  titration  of  the  soap  sohition,  and  the  estimation  of  tlie  hartlnosR 
of  waters,  shouhl  be  performed  in  precisely  similar  ways. 

Measure  50  cc.  of  the  water  into  a  well-stop^K'red  bottle  of  about 
2.")0  c.c.  eapaeity,  shake  briskly  for  a  few  seconds,  and  suck  the 
air  from  the  bottle  by  means  of  a  glass  tube,  in  onler  to  remove 
any  carbonic  anhydride  which  may  have  been  liberated  from  the 
water.  Add  standard  soap  solution  (E.  /3)  from  a  burett<*,  one  c.c. 
at  a  time  at  iirst,  and  smaller  (juantities  towards  the  end  of  the 
operation,  shaking  well  aft<.'r  each  addition,  until  a  soft  lather  is 
obtained,  which,  if  the  l)ottlc  is  ])la<*ed  at  rest  on  its  side,  remains 
continuous  over  the  whole  surface  for  five  minutes.  The  soap 
shouhl  not  1m.^  added  in  larger  (piantities  at  a  time,  even  when  the 
volume  required  is  approximatiily  known.     This  is  very  important. 

When  more  than  10  c-.c.  of  soap  solutitm  are  retpiired  by  50  c.c. 
of  the  water,  a  less  quantity  (as  25  (^r  10  c.c.)  of  the  latter  shouhl 
be  taken,  and  made  uj)  to  50  c.c.  with  recently  Ijoiled  and  cooled 
ilistilhid  water,  no  that  less  than  10  c.c.  of  soap  solution  will  suffice, 
and  the  number  expressing  the  hartlness  of  the  diluted  water 
multiplied  by  2  or  5,  as  the  case  may  be. 

When  the  water  conttiins  much  magnesium,  which  may  be 
known  by  the  lather  having  a  peculiar  cunly  appearance,  it  should 
bf  diluted,  if  nectessary,  with  distilled  water,  until  less  than  7  c.c. 
an*  required  by  50  c.c. 

The  volume  of  standar<l  soap  sohition  required  for  50  c.c.  of  the 
M'at^ir  Ixiing  known,  the  weight  of  calcic  carbonate  (CaCO"')  corre.s- 
l)onding  to  this  may  l)e  ascertiiined  from  the  following  Table  7'"* : — 

•ThotttWo  in  ciilcuhitecl  from  that  oritfiimllj  couMtnictcd  l»y  Dr.  C 1  u  r  k  ,  whioli  iti 
jij*  fi>llowti :  - 

1  )cgree  of  HarducKi;. 

0'  (Distilled  wutcr)  ... 
•> 

4 

4 

s 

10 

11 

12 

i:; 

U 
15 
1»J 

E.ich  ••uiojwure"  WiiiK  1'.)  ^'raius,  the  vuhime  of  water  eiuployc<l  lUJO  ^aius,  uiid  each 
*"  deirroti  "  1  ffniiii  of  e.dcie  carbouute  iu  »  gullou. 

If  the  old  weijfhtM  mid  meiiHureH,  ^ruin«  and  imllons,  l)e  proferred,  this  talde  inaj  lio 
iiiixid,  the  ]»rocess  Yieiii^r  exactly  us  above  detioril>cd,  but  KKM)  ki^uus  of  water  tukou 
instead  of  5(>  e.o.,  iiiid  the  Hoap  fK>lutiou  meoHtired  in  10->rruin  nunifliireH  iuutead  of  cubic 
ocntiiueterH.  If  the  volume  of  mm  p  solutiou  used  be  fouud  exactly  in  the  Hceoud  column 
of  the  table,  tlie  luirdmwH  will,  of  oourse,  Ito  that  Hhown  on  the  Hunie  line  in  the  first 
(Milunin.  But  if  it  l.»e  not,  deduct  from  it  the  next  lower  numlier  in  the  necoud  column, 
when  the  corrcKiM mdin^-  do^ee  of  hardneHS  in  the  first  column  will  ^ivethe  iutcKnil 
IHirt  of  the  result ;  divide  the  remainder  by  the  difference  on  the  same  line  in  the  ihinl 
luilnmu,  luid  tlie  quotient  will  irive  the  fnujiiouol  j^iort.  For  ez;imi>le,  if  lUUO  grams  of 
ivater  re'iuire  IG  "  moasures"  of  soap,  the  calcuhktiou  will  be  oa  follows :  — 


Measures  of 

DilTorcuoes  for  the 

S<»ap  Solution. 

ne^ct  r 

'  of  hardness. 

1-4 

... 

1-S 

:\"1 

2a 

5-4 

o>.> 

7-6 

2*0 

!n{ 

2tl 

ll-«; 

20 

l.Jfi 

2*<> 

\h'i\ 

1-9 

17-5 

l» 

ll>-4 

!•» 

21 -.l 

•  •■ 

1-8 

2:M 

1-ft 

J4-9 

1-8 

•i»J7 

l-« 

2"<-5 

]-8 

:{;)•;) 

1-7 

ni-O 
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TABLE    7. 

Table  of  Hardness,  Parts 

in  100,000. 

o       ^• 

2  aj 

0=.    :  2  S*.2 

0  9. 

'  1      ° 
2  ^2 

•    1 

si 

t 

• 

oi 

c  rt  r 

il       C.C, 

1 

;2     c2 

c.c. 

C.C. 

1               ■     '    -  - 

1       C.C. 

i:  4-0 

457 

1     80     !  10-30  1    120 

16-43 

I 

1       71 

>        1 

•45  ;        1 

•59 

<> 

!       ^86 

:     2 

-60  :       2 

•75 

3 

1   s-cx) 

;     3 

•75           3 

•90 

4 

!     -14 

4 

•90           4 

1706 

1  •    5 

•29 

5 

1105  ;j        5 

•22 

.       6 

•43 

6 

•20  1        6 

•38 

07 

•00  r        7 

•57 

7 

•35           7 

•54 

08 

•16  .'        8 

•71 

8     !       -50  ,1        8 

•70 

0-9 

•32  1        9 

•86 

'    9 

•65  ;       9 

•86 

10 

•48  ;!     5^0 

600 

90 

•80  , 

130 

1802 

1 

•63    1        1 

•14 

1 

•95 

1 

•17 

2 

•79  ;'       2 

•29 

2 

1211 

2 

•33 

8 

•95  ;,       3 

•48 

3 

•26 

3 

•49 

4 

111  !!        4 

•57  !       4 

•41 

4 

•65 

5 

•27  li       5 

•71 

5 

•56  1 

5 

-81 

6 

•43  :i     6 

•86 

6 

•71           6 

•97 

7 

•56  !!       7 

700 

7 

•86  1        7 

1913 

8 

•69  '1        8 

•14 

8 

1301  1 

8 

•29 

9 

•82  '1        9 

•29 

9 

•16 

9 

•44 

20 

•95  ;     6  0 

•43 

100 

•31 

140 

•60 

1 

208  j 

1 

•57 

1 

•46 

1 

•76 

2 

•21           2 

•71 

2 

•61  ' 

2 

•92 

a 

•3i  !        3 

•86 

3 

•76  M       3 

20-08 

4 

•47  :       4 

800 

4 

•91  1!       4 

•24 

5 

•60           5 

•14 

5 

1406  1 

5 

•40  . 

G 

•73    1        G 

•29  !        6 

•21 

6 

•56 

7 

•86 :      7 

•43  1         7 

•37 

7 

•71 

8 

•99           8 

•57           8 

•52  ; 

8 

•87 

9 

312           9 

•71 

9 

•68 

9 

2103 

30 

•25    '     70 

•86 

11 0    ;     -8*  1 

160 

•19 

1 

•38   '        1 

900 

1 

1500 

1 

•35 

2     : 

•51           2 

•14 

2 

•16 

2 

•51 

3 

•fyi           3 

•29           3 

•32 

3 

•68 

4     1 

•77           4 

•43  1         4 

•48  1 

4 

-85 

5 

•90   i        5 

•57  1         5 

•63  ' 

5 

22-02 

6 

403   ;       6 

•71  ,         6 

•79', 

6 

•18 

7 

•16           7 

•8-J  '        7 

•95  , 

7 

•35 

8  ; 

•29           8 

10-00  '         8 

1611 

8 

•52 

39 

•43        7-9 

•15 

119 

1 

•27           9 
i  160 

•69 
•86 

16-(.) 

-15M>  (^7^  Lftrduess). 

(Dl 

fferonce 

-)     (1-9) 

•4 
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•21 

therefore  the  hardness  iH  7^21  f^nraiiis  of  CaCO'*  i^er  vrallon.  The  water  must  be  dilutetT 
with  diHtillcd  water  if  uecessary.  bo  that  the  riuiintity  of  soap  required  does  not  exceed 
U2  mootfurcs  in  ordinary  waters,  and  14  meuj»iires  iu  water  containing  much  magnesia. 
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AVhon  wiitor  containing  calcic  and  niagnesic  carlH:)nates,  held 
in  solution  l)y  carbruiic  acid,  is  boiled,  carbonic  anhydride  i» 
cxpollod,  and  the  carbonates  i)recipitatod.  Th(j  hardn(?ss  due  U) 
these  is  said  to  be  ftniiporanj^  whilst  that  due  t^)  sulphates, 
chlorides,  etc.,  and  to  the  amount  of  carbonates  soluble  in  pure 
water  (the  last-named  being  about  three  i)arts  per  100,000)  is 
called  ptn'tn (intent. 

To  estimate  permanent  hardness,  a  known  (piantity  of  the  water 
is  l>oiled  gently  for  half  an  hour  in  a  ilask,  the  mouth  of  which 
is  freely  <»j)en.  At  th(;  end  (jf  the  boiling,  the  water  should  be 
allowed  t«)  C(>ol,  and  the  original  weight  made  up  by  adding 
re<entlv  l)oil(»d  distilled  water. 

Much  trouble  may  be  avoided  by  using  tlasks  of  alwmt  the  same 
weight,  and  taking  so  much  water  in  each  as  will  makt'  up  the 
same  uniform  weight.  Thus  if  all  the  flasks  emjiloyed  weigh 
less  than  ."30  gm.  each,  let  each  Hask  with  its  conUmts  be  made  U^ 
weigh  200  gm. 

After  boiling  and  making  uj»  to  the  original  weight,  filtijr  the 
water,  and  determine  the  hardness  in  the  usual  way.  The  hardness 
thus  f<nuid,  deducted  from  that -of  the  unboiled  wat<}r,  will  give 
the  ti'Uijun'ani  hardness. 

16.  Mineral  ConstituenU  and  Metala.  Th(>  ([uantities  of  the 
following  substances  which  niay  be  ]>r(?sent  in  a  sample  of  water 
are  subject  to  such  great  variations,  that  no  definitt^  directions  can 
b<»  given  as  to  the  volume  of  wat(?r  to  be  used.  Tlie  analyst  must 
judge  in  each  ejtse  from  a  ])reliminary  e\-p{»riment  what  will  be 
a  convenient  (piantity  to  bike. 

Stdphurio  Acid. — Acidify  a  liter  (»r  less  of  the  watttr  with 
hydrochloric  at-itl,  conc(?ntrated  on  the  water  bath  to  about  lOOc.c, 
and  while  still  hot  a<ld  a  slight  excess  of  baric  chloride.  Filter, 
wash,  ignite,  antl  weigh  as  baric  sulphate,  or  estimate  volumetrically, 

as  in  ji  7G. 

Sulphuretted  Hydroflren. — Titrate  with  a  standard  solution  of 
iodine,  as  in  S  7 7. 'J. 

Phosphoric  Acid. — Tliis  substance  may  be  determined  in  the 
solid  residue  obtained  by  evaporation,  by  moistening  it  with  nitric 
aci<l,  and  again  drying  to  render  silica  insoluble ;  the  residue  is 
again  treated  with  dilute  nitric  acid,  filtered,  moly])dic  solution 
(l>.  297)  adch'il,  and  set  aside  for  twelve  hours  in  a  warm  place; 
inter,  dissolve  the  i)recipitate  in  ammonia,  precipitate  with  magnesia 
mixture,  and  weigh  as  magnesic  j)yrophosphate,  or  estimate  volu- 
metricallv  as  in  S  72. 

Anoth(?r  nu;tho<l  is  to  add  to  500  c.c.  of  the  samjde  about  10  c.c. 
of  solution  of  alum,  then  a  few  drops  of  ammonia,  lastly  acidify 
slightly  with  acetic  acid,  and  set  aside  to  allow  the  piecipitated 
AlP-O"*  to  settle.     The  dear  liquid  may  then  be  j)oured  off,  the 
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precipitate  dissolved  in  nitric  acid  and  estimated  with  niolybdic 
solution. 

These  estimations  are  only  available  in  cases  where  the  1^-0'' 
is  very  large.  In  most  waters  it  is  simply  necessary  to  record 
whether  the  molybdic  precipitate  is  in  heavy  or  minute  traces. 

Silicic  Acid. — Acidify  a  liter  or  more  of  the  water  with 
hydrochloric  acid,  evaporate,  and  dry  the  residue  thoroughly. 
Til  en  moisten  with  liydrochloric  acid,  dilute  with  hot  water,  and 
filter  off,  wash,  ignite,  and  weigh  the  sei>arated  silica. 

Iron. — To  the  filtrate  from  the  estimation  of  siHcic  acid  add  a  few 
drops  of  nitric  acid,  dilute  to  al)Out  100  c.c,  and  estimate  hy  colour 
titration,  as  in  g  64.4  ;  or  where  the  amount  is  large,  add  excess  of 
ammonia,  and  heat  gently  for  a  short  time.  Filter  off  the  precipitate 
and  estimate  the  iron  in  the  washed  precipitate  colorimetrically, 
as  in  §  64. 

Calcium. — To  the  filtrate  from  the  iron  estimation  add  excess  of 
ammonic  oxalate,  filter  off  the  calcic  oxalate,  ignite  and  weigh 
as  calcic  carbonate,  or  estimate  v.olumetrically  with  ])ermanganate, 
as  in  §  52. 

aEaffneslTim. — To  the  concentrated  filtrate  from  the  calcium 
estimation  add  sodic  phosjihate  (or,  if  alkalies  are  to  be  determined 
in  the  filtrate,  ammonic  i)hosphate),  and  allow  to  stand  for  twelve 
hours  in  a  warm  place.  Filter,  ignite  the  precipitate,  and  weigh 
as  magnesic  pyrophosphate,  or,  without  ignition,  titrate  with 
uranium. 

Barium. — Is  best  detected  in  a  water  by  acidifying  with 
hydrochloric  acid,  filtering  perfectly  clear  if  necessary,  then 
add  a  clear  solution  of  calcic  sul})hato,  and  set  aside  in  a  warm 
j)lace.     Any  white  precipitate  which  forms  is  due  to  l)arium. 

Potassium  and  Sodium. — These  are  generally  determined  jointly, 
and  for  this  purj)Ose  the  filtrate  from  the  magnesium  estimation 
may  l)e  used.  Evaporate  to  dryness,  and  heat  gently  U>  oxj)el 
ammonium  salts,  remove  i)hosphoric  acid  with  plumbic  acetate,  and 
the  excess  of  lead  in  the  hot  solution  by  ammonia  and  ammonic 
<!arl>onate.  Filter,  evaporate  to  dryness,  hciit  to  expel  ammonium 
salts,  and  weigh  the  alkalies  as  chlorides. 

It  is,  however,  generally  less  trouble  to  employ  a  separate 
l>ortion  of  water.  Add  to  a  liter  or  less  of  the  water  enough  pure 
baric  chloride  t*)  precipitate  the  sulphuric  acid,  boil  with  pure  milk 
of  lime,  filter,  concentrate,  and  remove  the  excess  of  lime  with 
ammonic  (•arlH)nate  and  a  little  oxalate.  Filter,  evaj)orate,  and 
weigh  the  alkaline  chl(»rides  in  the  filtrate.  If  the  water  C(>ntains 
but  little  sulphate,  the  baric  chloride  may  l>e  omitted,  and  a  little 
ammonic;  chloride  added  to  the  solution  of  alkaline  chlorides. 
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If  i>otas3iiim  ami  scHliiim  must  each  l>e  ostimaUMl,  separate  thom 
1)V  means  of  platinic  chloride;  «»r,  after  weighing  the  mixed 
chlorides,  determine  the  rhloriw  j>resent  in  them,  and  calcidat**  tlie 
amounts  of  ]M)tassium  and  sodium  hy  the  following  f«)rmula: — 
Calculate  all  the  chlorine  ]>resent  as  putiissic  chloride  ;  jleduct  this^ 
from  the  weight  of  the  mixed  chlorides,  and  call  i\\i\  difference  d. 
Then  as  16*1    :  58*37   :  :  <l  :  XaCl  ])re.sent.     (See  also  J5  42.) 

Lead.- -May  he  estimated  hy  the  method  proposed  hy  Miller. 
Acidulate  tlie  water  with  two  or  three  dro])S  of  a<'etic  acrid,  and 
ad<l  .?^J  of  its  hulk  of  saturated  aqueous  solution  of  sulphuretted 
hydrogen.  Comjiare  the  colour  thus  produceil  in  the  colorimeter 
or  a  convenient  cylinder,  with  that  ohtnined  with  a  known  (piantity 
of  a  stiindard  sohition  of  a  lead  salt,  in  a  manner  similar  tc>  that 
descrilKid  for  the  estimation  (»f  iron  (S  O-t.-t).  The  lead  solution 
vshould  contain  0*1831  gni.  of  nt)rmal  (rrystallized  plumhic  acetiite  in 
a  liter  (;f  distilled  water,  and  therefore  each  c.c.  cont^iins  0*0001  gm. 
i)i  metidlic  lead. 

It  is  ohvious  that  in  the  presence  of  copjier  or  f)ther  heavy  metjila 
the  (M)lour  jiroduced  hy  the  alcove  methful  will  all  l)e  ascrilKid 
to  lea<l ;  it  is  preferahle,  therefore,  Uy  adopt  the  method  of  Harvey 
(Ana/f/sf  vi.  146),  in  which  the  lead  is  precipitated  as  chromate. 
The  result'^,  however,  are  not  al«olute  as  to  quantity,  exce])t  so 
far  as  the  eye  may  }>e  ahle  to  me^isure  the  amount  <»f  j»recii)itate. 

The  standard  lead  solution  is  the  same  as  in  the  previous 
method.  The  precipitating  agent  is  jaire  potiissic  hichromate, 
in  fine  crystals  or  jKiwder. 

250  c.c.  or  so  of  the  water  ia  placed  in  a  Phillijjs'  jar  with 
a  droj)  or  two  of  acetic  acid,  and  a  few  grains  of  the  reagent  added, 
and  agitated  hy  shaking.  (Jne  jiart  of  lead  in  a  million  parts  of 
water  will  show  a  distinct  turhidity  in  iive  minutes  or  less.  In  six 
or  eight  hours  the  preci[utate  .will  have  comjdetely  settled,  and  the 
yellow  clear  liquid  may  l»e  jjoured  oif  without  disturhing  the 
sediment,  which  may  then  l)e  shaken  uj>  with  a  little  distilled 
water,  and  its  quantity  judged  hy  comparison  with  a  similar 
experiment  made  with  the  standard  lea<l  solution. 

Copper. — Kstimate  hy  colour  titrati«m,  as  in  S  58.9. 

Arsenic. — Add  t<»  half  a  liter  or  more  of  the  water  enough 
sodic  hydrate,  free  fr^mi  arsenic,  to  render  it  slightly  alkaline, 
eva])orate  to  dryness,  and  extract  with  a  httle  conccmtratc'd 
liydrcjchloric  hvmI,  Introduce  this  solution  into  the  gcmerating 
Hask  of  a  small  Marsh's  ai>paratus,  and  pass  the  evolved  hydrogen, 
first  through  a  TT-tuhe  filled  with  jmmice,  moistened  with  ])lumhic. 
acetite,  and  then  through  a  ])iecc  of  hard  glass  tuhe  aKmt  150  m.ni. 
in  length,  and  3  m.m.  in  diameter  (niaile  hy  drawing  out  comhustion 
tul>e).  At  a]»out  it«  middle,  this  tulie  is  heated  to  redness  for 
a  length  of  ahout  20  m.m.  hy  the  flame  of  a  small  Bun  sen  hurner, 
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and  here  the  arsenetted  liydrogen  is  decomposed,  arsenic  lieing 
deposited  as  a  mirror  on  the  cold  part  of  the  tube.  The  mirror 
obtained  after  the  gas  has  passed  slowly  for  an  hour  is  compared 
with  a  series  of  standard  mirr<^rs  obtained  in  a  similar  way  from 
Jcnown  (piajititios  of  arsenic.  Care  must  l)e  tixken  to  ascertain  in 
each  experiment  that  the  hydrochloric  acid,  zinc,  and  whole  apparatus 
are  free  from  arsenic,  by  passing  the  hydrogen  slowly  through  the 
heated  tube  before  introducing  the  solution  to  be  tested. 

Zinc. — This  metal  exists  in  waters  as  bicarbonate,  and  on 
exposure  of  such  waters  in  open  vessels  a  film  of  zinc  carl)onat<3 
forms  on  the  surface ;  this  is  collected  on  a  platinum  knife  or  foil 
and  ignited.  The  residue  is  of  a  yellow  colour  when  hot,  and 
turns  white  on  cooling.     The  reaction  is  exceedingly  delicate. 

THE   INTERPRETATION   OF   THE    BESULTS    OF  ANALYSIS. 

§  90.  The  primary  form  of  natural  water  is  rain,  the  chief  impurities  in 
which  are  traces  of  organic  matter,  ammouia,  and  ammonic  nitrate  derived 
from  the  atmosphere.  On  reaching  the  ground  it  becomes  more  or  less 
charged  with  the  soluble  constituents  of  the  soil,  such  as  calcic  and  magnesic 
carbonates,  potassic  and  sodic  chlorides,  and  other  salts,  which  are  dissolved, 
some  by  a  simple  solvent  action,  others  by  the  agency  of  carbonic  acid  in 
solution.  Draining  off  from  the  land,  it  will  speedily  find  its  way  to  a  stream 
which,  in  the  earlier  part  of  its  course,  will  probably  be  free  from  pollution  \iy 
animal  matter,  except  that  derived  from  any  manure  which  may  have  been 
applied  to  the  land  on  which  the  rain  fell.  Thus  comparatively  pure,  it  will 
furnish  to  the  inhabitants  on  its  banks  a  supply  of  water  which,  after  use, 
will  Ix;  returned  to  the  stream  in  the  form  of  sewage  charged  with  impurity 
derived  from  animal  excreta,  soap,  household  refuse,  etc.,  the  ^wllution  being 
perhaps  lessened  by  submitting  the  sewage  to  some  purifying  process,  such  as 
irrigation  of  land,  filtration,  or  clarification.  The  stream  in  its  subsequent 
course  to  the  sea  will  be  in  some  mea.««ure  purified  by  slow  oxidation  of  tlio 
orgsuiic  matter,  and  by  the  absorbent  action  of  vegetation.  Some  of  the 
rain  will  not,  however,  go  directly  to  a  stream,  but  sink  through  the  soil  to 
a  well.  If  this  l)e  shallow,  it  may  be  considered  as  merely  a  pit  for  the 
accumulation  of  drainage  from  the  immeiliately  surrounding  soil,  which,  as 
the  well  is  in  most  cases  close  to  a  dwelling,  will  be  almost  inevitably 
(^barged  with  excretal  and  other  refuse ;  so  that  the  water  when  it  reaches 
the  well  will  be  contaminated  with  soluble  impurities  thence  derived,  and 
with  nitrites  and  nitrates  resulting  from  their  oxidation.  After  use  the 
water  from  the  well  will,  like  the  river  water,  form  sewage,  and  find  its 
way  to  a  river,  or  again  to  the  soil,  according  to  circumstances 

in  the  case  of  a  deep  well,  from  which  the  surface  water  is  excluded,  the 
conditions  are  different.  The  shaft  will  usually  pass  through  an  impervious 
stratum,  so  that  the  water  entering  it  will  not  be  derived  from  the  rain 
which  falls  on  the  area  immediately  surrounding  its  mouth,  but  from  that 
which  falls  on  the  outcro])  of  the  ])ervious  stratum  below  the  impervious  on© 
just  mentioned;  and  if  this  outcrop  be  in  a  district  which  is  uninhabited 
and  uncultivated,  the  water  of  the  well  will  probably  be  entirely  free  from 
organic  impurity  or  products  of  decomposition.  But  even  if  the  water  be 
polluted  at  its  source,  still  it  must  pass  through  a  very  extensive  filter  before 
it  reaches  the  well,  and  its  organic  matter  will  probably  be  in  great  measure 
converted  by  oxidation  into  bodies  in  themselves  innocuous. 

This  is  very  briefly  the  general  history  of  natural  waters,  and  the  problem 
presented  to  the  analyst  is  to  ascertain,  as  far  as  possible,  from  the  nature 
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and  (|uantity  of  the  iiiipiiritios  present,  the  i>revious  hi-itory  of  the  wattjr, 
and  its  prewnt  condition  and  fitness  for  the  purj^ose  for  which  it  is  to 
be  used. 

It  is  impossible  to  ^\\o  any  fixe<l  rule  by  which  the  result**  obtained  by  the 
fore^'oinj,'  method  of  analysis  shouhl  be  inteq)rete<l.  Tho  analyst  nuist  form 
an  inde])en«lent  «>i)inion  for  each  s:nn])le  from  a  consideration  of  all  the  results 
he  has  obttiiiKHl.  Nevertheless,  the  following'  remarks,  illustnited  by  reference 
to  the  examples  ijiven  in  the  accomi>anying  table,  which  may  l>e  considered 
as  fairly  typical,  will  i»rol>ably  be  of  service.     (See  Table  8.) 

Total   Solid  Matter. 

AVaters  which  leave  a  lar^^e  residue  on  evaporation  are,  as  a  rule,  less  suited 
for  ;;enenil  <h)me«*tic  purposes  than  those  which  contain  less  matter  in  solution, 
and  :ire  unfit  for  many  maiHifacturiufr  punH>ses.  The  amount  of  residue  is 
also  of  primary  importance  as  re^jards  the  use  of  the  wati*r  for  stesim  boilers, 
as  the  quantity  of  incrust;ition  produce<l  will  chiefly  de|>end  upon  it.  It  may 
vary  considerably,  apart  fmm  any  unnatural  pollution  of  the  water,  as  it 
(lepends  principjdly  on  the  nature  of  the  soil  through  or  over  which  the 
water  ])asses.  River  water,  when  but  slijjrhtly  ]M»lluted,  contains  j^nerally 
from  10  to  -U)  i>arts.  Shallow  well  water  varies  greatly,  containinjc  from  30 
to  150  part**,  or  even  more,  as  in  examples  X.  and  XIIL,  the  proportion 
here  depending  less  on  the  nature  of  the  soil  than  on  the  original  i>ollution 
of  the  water.  Deep  well  water  also  varies  considerably ;  it  usually  contains 
fnmi  UO  to  70  iwrts,  but  this  range  is  frequently  overstepped,  the  quantity 
depending  largely  u]>on  the  nature  of  the  strata  from  which  the  water  is 
obtained.  Example  XV.  being  in  the  New  Red  Sandstone,  has  a  small  pro- 
yK)rtion  but  XVII.  and  XV III.  in  the  Chalk  have  a  much  larger  (juantity. 
Spring  waters  closeh^  resemble  those  from  deep  wells.  Sewage  contains 
generally  from  60  to  lUO  parts,  but  occasionally  less,  and  frequently  much 
more,  as  in  example  XXXIV.  The  total  solid  matter,  as  a  rule,  excwds  the 
sum  of  the  constituents*  determined ;  the  nitrogen,  a«  nitrates  and  nitrites, 
being  calculate<l  jls  l>otas^ic  nitrate,  and  the  chlorine  as  sodic  chloride ;  but 
(MM-asionally  this  is  not  the  case,  owing,  it  is  likely,  to  the  presence  of  some 
of  the  calcium  as  calcic  nitrate  or  chloride. 

Orflranic   Carbon  or  Nitroflren. 

The  existing  condition  of  the  sample,  as  far  as  organic  contamination  is 
concerne<l,  must  l)e  inferred  from  the  amount  of  the<*e  two  constituents.  In 
a  gWMi  water,  suitjible  for  domestic  supply,  the  former  should  not,  under 
onlinary  circumstances,  exceed  0'2  and  the  latter  0*02  part. 

Waters  fn)m  districts  contjiining  nuich  i)eat  are  often  coloure<l  more  or 
less  brown,  and  contain  an  unusual  quantity  of  organic  carbon,  but  this 
]»eaty  matter  is  probably  innocuous  unless  the  quantity  be  extrtune.  The 
large  pn)]W)rtion  of  orgjuiic  carbon  and  nitrogen  given  in  the  average  for 
uni)olluted  upland  surface  water  in  Table  H  (XXVIIl.)  is  chiefly  duo  to  the 
fact  that  upland  gathering  grounds  are  very  frequently  i)eaty.  The  examples 
given  (I.  to  X.)  may  be  taken  as  fairly  representitive  of  the  character  of 
upland  surface  waters  free  from  any  large  amount  of  peaty  matter.  In 
surface  waters  from  cultivated  areas  the  (luantity  of  organic  carbon  and 
nitrogen  is  greater,  owing  to  increjised  density  of  population,  the  use  of 
organii*  manures,  etc.,  the  proportion  being  about  0'25  to  O'.i  part  of  organic 
carbon,  and  004  to  0'05  part  of  organic  nitrogen.  The  water  from  shallow 
wells  varies  so  widely  in  its  character  that  it  is  impossible  to  give  any  useful 
average.  In  many  cases,  as  for  example  in  XI 1 1,  and  XIV..  the  amount  is 
comparatively  small,  although  the  original  jtollution,  as  shown  by  the  total 
inorganic  nitrogen  and  the  chlorides,  was  very  large ;  the  organic  matter  in 
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TABIiE    8. 
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Results  of  Analysis  expretsed 


Number 

of 
Saiux>Ic. 


I. 
II. 

III. 

IV. 

V. 

VI. 
VII. 

VIII. 

IX. 

X. 


DESCEIPTION. 


K£Ma::e3w 


Upland  Surface  Waters. 

The  Dee  above  Balmoml,  March  0th.  1872 


Clear 


Glasgow  A\'ater  supply  from  Loch  Katrine— averaj^'e  of  \  '  p]ear  •  verv  rdfi 

monthly  analyses  durini;  five  years,  1876 — 81  *  .  '       "  ^ 

Liverpool  Water  supply  from  Rivinjjton  Pike,  Juno  4th,1869    Clear 


Manchester  AVuter  supply,  ^lay  9th,  1874 
Cardiff  AVater  supply,  Oct.  18th,  1872 

Surface  Water  from   Cultivated  Land. 
Dundee  AVater  supply,  March  12th,  1872 
Norwich  Water  supply,  June  18th,  1872 

Shallow  Wells. 

Cirencester*,  Market  Plnce,  Nov.  4th,  1870 
^klarlborough.  College  Yard,  Aug.  22nd,  1873 
Birmingham,  Ilurst  Street,  Sept.  18th,  1873 


XI.  !      Sheffield,  Well  near,  Sept.  27th,  1870 


XIL 
XII L 
XIV. 

XV. 
XVI. 

XA'II. 
XVIII. 

XIX. 
XX. 


XXI. 

XXII. 

XXllL 

XXIV. 

XXV. 

XXVI. 


XXVII. 

XXVIII. 

XXIX. 

XXX. 

XXXT. 


XXXII. 
XXXI IL 
XXXIV. 
{  XXXV. 

■BKVI. 


London,  Aldgate  Pump,  June  5th.  1872 
London,  Wellclose  S(iuare,  June  5th,  1872 
Leigh,  Essex,  Churchyard  AVell,  Nov.  28th,  1871 

Deep  Wells. 

Birmingham,  Short  lleath  Well,  May  IGth,  1873 

Caterham,  Water  W'orks  Well,  Feb.  14th,  1873 

Ditto,  Softened  (Water  supply) 

London,  Albert  Hall,  May,  1872 

Gravcsend,  Railvv-ay  Station,  Jan.  17th,  1873    ... 

Springrs. 

Dartmouth  AVater  supply,  Jan.  8th,  1873 
Grantham  AVater  supply,  July  11th,  1873 


'  Turbid , 

Clear      , 

■  Turbid ;  hmwuifhid 
I  Slightly  lurbid...' 

Slightly  turbii... 
v/.ear      ...        ... 

Clear;  stroni! <aliMl 
rA'ery  turbid  iofti 
...  i  -]      sive.     Swvwm 
I  (.     with  bacteria,  Im 

(  9  «  \^'  i>  wv*  •  *  •  •  •  •  • 

...    Slightly turbid;nliiri 
...  I  Slightly  turbid... 

I 

...     '  ^  lear     ...  *•• 

...    Vxiear     ...        ••• 


I 


Slightly  turbid... 
Clear 

Turbid 

Clear     


...  I 


London  Water  supply— average  monthly  analyses  during-  21  years,  180^ 

From  the  Thames  ...  ...  ...  ...  ...  '  ... 

From  the  Lea 

From  Deei>  Chalk  AVells  (Kent  Company) 

Ditto  (ColncA^alloy  Co.)  softened — thirteen  years,  1S77 — SO  ;  •••  

Ditto  (Tottenham) — thirteen  years,  1877 — 80...  ...   «  •••  

Birming-ham   Water   supply— a veragro  monthly   analyses,  1875—1880. 

I 

Average  Composition  of  Unpolluted  Water.                  I 

llain  AA'ater            ...             ...             ...  89  samples    ...          

Upland  Surface  Water         ...             ...  105 

Deep  AA'ell  Water  ...             ...             ...  157 

Spring  AA'ater         ...             ...             ...  198 

Sea  AVater               ...             ...             ...  23 


if 


Sewage. 

Average  from  15  *'  Midden  "  Towns,  37  analy.ses 
Average  from  16  "AVater  Closet  "  Towns,  50  analyses 
Sall'ord,  Wooden  Street  Sewer,  March  15th,  1869' 
Merthyr  T}dlil,  average  10 a.m.  to  5  p.m., Oct.  20th,  1871 ")  \ 
(after  treatment  with  lime)  j  I 

Ditto,  Ellluent  AA'ater 


•  • «    I    •  *  • 


•  • »    1    t •• 


••• 
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in  parts  per  100,000. 


TABIiE   8. 


Total 

■oliil 

Matter. 


1-52 

2*9  i 

9-60 

7-00 

23-50 

11-in 

30  92 

3100 

32  48 

240*20 


Onranic 
Carbon. 


I 


•132 

•lis 

•210 
•132 
•212 

•418 
•432 

•041 
•010 
-340 


18-50       1-200 


:  128-10 
i  396  50 
'  112-12 


I 


•114 
•278 
•210 


Orjranc 
Nitro- 
gen. 


•014 

•016 

•020 
•031 
•031 

•059 
•080 

•008 
•015 
•105 

•126 

•141 

•087 
•065 


15  08 

•COO 

•oai 

27-68 

•028 

•000 

880 

•01 5 

•003 

61-68 

•168 

•042 

G800 

•127 

•029 

1736 

•060 

•010 

30-20 

•018 

•018 

2802 

•191 

•033 

28-09 

•134 

•025 

41-50 

•049 

•Oil 

14-40 

•059 

•014 

41-39 

■(M38 

•010 

2601 

•215 

•054 

2-05 

•070 

•015 

9-67 

•322 

•032 

4378 

•061 

•018 

28-2(> 

•05i; 

•013 

3898-7 

-278 

•165 

82-4 

4181 

1-975 

722 

4-gim; 

2-205 

419-6 

11-012 

7-63 1 

4920 

1-282 

•952 

3348 

•123 

•031 

o 


9-1 

92 

72 
41 
6-8 

71 
54 

51 
33 
32 

95 

1-0 
32 
32 

22 
31 
50 
40 
44 

3  7 
27 


5-8 
5-4 
4^5 
4-2 
4'2 


Nitro. 

gmt  UH 

Am- 

moiiia. 


0 
0 


Nitrog-eu 

OS 

Nitrates 

and 
Nitrites. 


Total 


•002 

•002 

0 

•001 
•012 

0 

0 

-511 

•001 

•181 
0 
0 

0 
0 

•007 
•063 

0 
0 


0 

0 

0 
•003  ' 
•054  ' 


0 

•005 

0 
0 

•034 

•081 
•036 

•362 

•613 

14-717 


6851 

25-810 

5017 

•447 
•021 

•066 
2-937 


•330 
•833 


•210 
•226 
•44(> 
•3(;7 
•143 


Total 


Inor^nir  CoiubiiuMl  Cliloriuc. 
Nitrogen. 


Hardness. 


0 

•005 

•002 
•002 
•034 

•082 
•018 


•362  I       -370 

•613  I        628 

16228     15-333 


Nitrogen. 

•014 

•50 

•022 

•64 

•C3l 

1-53 

•033 

•90 

•065 

1-40 

•141 

175 

•128 

3-10 

•091 

7032 

25-840 

5047 

-447 
•021 


•217 

7173 

25  927 

5-112 

•451 
•030 


-330 
•833 


•210 
•226 
•446 
•370 
•196 


•3t6 

•851 


-243 
•251 
•468 
•384 
•196 


4-6 

•002 

•231 

•233 

•287 

4-7 
101 
3  4 
43 
1-7 

•024 
•002 
•010 
•001 
•005 

•003 
•009 
•405 
•883 
•033 

•027 
•Oil 
•505 
•381. 

•038 

•042 
•043 
•523 
•397 
•203 

2-1 
2-1 
1-4 

4476 
5520 
5468 

0 

•003 

0 

4-476 
5-523 
5-468 

6-451 

7-728 

18-102 

1-3 

1051 

•052 

1106 

2058 

40 

•018 

•800 

•348 

•379 

1-no 

1-0!) 

36-50 

2-20 

12-85 
34-60 
13-75 

1-30 
1-55 


•C73  I       •lis       15-10 
3000       3029  '       6  40 


2-45 
205 


1-68 
1-7(J 
2-47 

1-70 

285 
173 


'22 

1-13 

511 

2-49 

1975-6 


11-54 
10-66 
20-50 

5-25 

260 


Tern, 
porary. 


0 


Perma- 
nent. 


Total. 


I 


0 
213 

18-4 
156 
275 

20 

371 
267 
14-3 


4-6 
15-2 

3-4 
279 

1-6 
171 


7-7 


15 
158 
ll-O 
48-9 

Siis 


•3 

0 

71  ' 


I 


1-6 


37 

27 

129 


60 
53 

4-6 
101 
996 

1-4 

400 

lot  3 

457 

51 
6  0 

2'2 
14-5 

100 
6-5 


88 


15 

•9 

40 

27 

200 

60 
266 

2.10 

257 

1271 

34 

771 

1910 

60-0 

9-7 

212 

4-4 

56 

42-4 

110 
236 


201 
20-9 
28-6 
60 
23-3 

16-5 


Diispenaed  r 
Mineral.  0rgani( 


4-3 

9-2 

7-5 
7480 
nded  Matter. 


•3 
5-4 
250 
18-5 
7969 


I 


17-81 
2418 
18-88 

7-88 


21-30 
20-51 
26-44 


Total. 

3911 
44-69 
45-32 


6-56     14-44 
Trace. 
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tliopo  cases  luivin^'  been  almost  entirely  destn)ye(l  by  ^wwerfiil  oxidation.  In 
VIII.  and  IX.  the  original  pollution  was  slij^ht ;  and  oxidation  bein^  active, 
the  or^ninic  carbon  and  nitrogen  have  been  reduced  to  extremely  small 
<iuantities.  On  the  other  hand,  in  XI.  the  proi)ortion  of  orgjinic  matter  is 
enormous,  tlie  oxidizing  action  of  the  surrounding  soil  being  utterly 
insuflicient  to  deal  with  the  pollution.  The  danger  attending  the  use  of 
shallow  well  waters,  which  contain  when  analyzed  verj-  small  quantities  of 
organic  matter,  arises  (diiefl}'  from  the  liability  of  the  conditions  to  variation. 
-Change  of  weather  and  many  other  circumstances  may  at  any  time  prevent 
the  purification  of  the  water,  which  at  the  time  of  the  analysis  api>eared  to 
■be  ellicient.  Moreover,  it  is  by  no  means  certain,  that  an  oxidizing  action 
which  would  be  sufficient  to  reduce  the  organic  matter  in  a  water  to  a  very 
small  proportion,  would  be  equally  comjMJtent  to  remove  the  si>ecific  j>oison 
of  disease.  Hence  the  greater  the  impurity  of  the  source  of  a  water  the 
greater  the  risk  attending  its  use. 

In  deep  well  waters  the  quantity  of  orgjinic  carbon  and  nitrogen  also 
extends  through  a  wide  rjuige,  but  is  genendly  low,  the  average  being 
■about  0  OC  part  carbon  and 002  part  nitrogen  (XXIX).  Here  the  conditions 
are  usually  very  constant,  and  if  surface  drainage  be  excluded,  the  source  of 
the  water  is  of  less  importance.  Springs  in  this,  as  in  most  other  respects 
resemble  deep  wells ;  the  water  from  tliem  being  generally,  however,  some- 
what ])urer.  In  sewage  great  variations  are  met  with.  On  the  average  it 
contjiins  about  four  parts  of  organic  carbon  and  two  parts  of  organic  nitrogen 
(XXXII.  and  XXX III.),  but  the  range  is  very  great.  In  the  table,  XXXIV. 
is  a  very  strong  sample,  and  XXXV.  a  weak  one.  The  eflluent  water  from 
land  irrigated  with  sewage  is  usually  analogous  to  waters  from  shallow  wells, 
and  its  quality  varies  greatly  according  to  the  character  of  the  sewage  and 
•the  conditions  of  the  irrigation. 


Ratio  of   Orflranio   Carbon  to  Or^anio  Nitrogen. 

The  mtio  of  the  organic  carbon  to  the  organic  nitrogen  given  in  the 
seventh  column  of  the  table  (which  shows  the  fourth  term  of  the  proportion 
— organic  nitrogen  :  organic  carlwn  :  :  J  j-),  is  of  great  imi>ortance  as 
furnishing  a  valuable  indication  of  the  nature  of  the  organic  matter  present. 
AVhen  this  is  of  vegetable  origin,  the  ratio  i»«  very  high,  and  when  of  animal 
origin  very  low.  This  statement  must,  however,  be  (jualilied,  on  account  of 
the  different  effect  of  oxidation  on  animal  and  vegetable  substances.  It  is 
found  that  when  organic  matter  of  vegetable  origin,  with  a  high  ratio  of 
(jarbon  to  nitrogen,  is  oxidized,  it  loses  cjirbon  more  rapidly  than  nitrogen, 
so  that  the  ratio  is  reduced.  Thus  nnoxidized  peaty  waters  exhibit  a  ratio 
varying  from  alM>ut  8  to  20  or  even  more,  the  average  being  about  12; 
wherea«,  the  ratio  in  spring  \rater  originally  containing  peaty  matter,  varies 
from  about  2  to  5,  the  average  being  about  3*2.  AVhen  the  organic  matter 
is  of  animal  origin  the  action  is  reversed,  the  ratio  being  increased  by 
•oxidation.  In  unpolluted  upland  surfa<'e  wati*rs  the  ratio  varies  from  about 
6  to  12,  but  in  peaty  waters  it  may  amount  to  20  or  more.  In  surface  \^ater 
from  cultivated  land  it  ranges  from  about  4  to  10,  averaging  about  6.  In 
water  from  shallow  wells  it  varies  from  about  2  to  8,  with  an  average  of 
about  4,  but  instances  beyond  this  range  in  both  directions  are  very  frequent. 
In  water  from  deep  wells  and  springs,  the  ratio  varies  from  about  2  to  0, 
with  an  average  of  4,  being  low  on  account,  probably,  of  the  prolonged 
oxidation  to  wliich  it  has  been  subjected,  which,  as  has  been  stated  above, 
removes  carbon  more  rapidly  than  nitrogen.  In  sea  water  this  action 
reiiches  a  maximum,  the  time  being  indefinitely  prolonged,  and  the  ratio  is 
on  the  average  about  17.  This  is  jjrobably  complicated  by  the  i)resence,  in 
some  cases,  of  multitudes  of  minute  living  organisms.  In  sewage  the  ratio 
ranges  from  about  1  to  3,  with  an  average  of  about  2. 
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When,  in  tlic  case  of  a  water  rontaiiiinj?  much  nitrogen  as  nitrates  and 
nitrites,  this  ratio  is  unusually  low,  incomplete  (le^truction  of  nitnites  durin-; 
the  evaporation  may  be  8usi>ecte<l,  and  the  estimation  should  be  rel)eat<^d. 
To  provide  for  this  continjfency,  if  a  water  contain  any  considerable  quantity 
of  ammonia,  it  is  well,  when  connnencin^  the  evaporation  in  tbe  first 
instance,  to  set  asi<le  a  quantity  sullicient  for  this  repetition,  adding  to  it  the 
usiuil  projKjrtion  of  sulphurous  acid. 

Nitrogren  as  Ammonia. 

The  amnionia  in  natural  waters  is  derived  almost  exclusively  from  animal 
contamination,  and  its  quantity  varies  iKjtween  very  wide  limits.  In  u])land 
surface  waters  it  seldom  excee<ls  0008  part,  the  average  being  about  0002 
part.  In  water  from  cultivate<l  land  the  average  is  about  0005,  anrl  the 
range  is  greater,  l)eing  from  nil  to  ()()23  part,  or  even  more.  In  water  from 
shallow  wells  the  variation  is  so  great  that  it  would  be  noseless  to  attempt  to 
stato  an  average,  all  proportions  frou)  ml  to  as  much  as  2*5  parts  having 
been  observed.  In  waters  from  deep  wells  a  vory  considerable  proportion  is 
often  found,  amounting  to  0*1  part  or  even  more,  the  average  being  O'Ol 
part,  and  the  variations  considerable.  In  spring  water  it  is  seldom  that 
more  than  O'Ol  i)art  of  nitrogen  as  ammonia  octnirs,  the  average  being  only 
0*001  ]mrt.  Sewage  usually  contains  from  2  to  i]  ])arts,  but  ocrcasionally  as 
much  as  9  or  10  i)art«<,  the  average  being  about  five.  Ammonia  is  readily 
oxidize<l  to  nitrates  and  nitrites,  and  hence  its  ])resence,  in  considerable 
quantity,  usually  indi(!ates  the  absence  of  oxidation,  and  is  generally 
coincident  with  the  presence  of  org^uiio  matter.  That  sr>metimcs  found  in 
waters  from  very  deep  wells  is,  however,  prolwbly  due  to  subseijuent 
decomposition  of  nitnites. 

Nitrogen  as  Nitrates  and  Nitrites. 

Nitrates  and  nitrites  are  produced  by  the  oxidation  of  nitrogenous 
org:inic  matter,  and  almost  always  fn>m  animal  matter.  In  upland  surface 
waters  the  proportion  varies  from  nil  to  0*05  i»art  or  very  rarely  more,  but 
the  majority  of  samples  contain  none  or  mere  traces  (I.  to  V.),*the  average 
being  about  0()09  part.  In  surface  waters  from  cultivated  land  the  quantity 
is  much  greater,  varying  from  mi7,  which  seldom  occurs,  to  1  part,  the 
average  being  about  0*25  part.  The  proi^rtion  in  shallow  wells  is  usually 
mu(di  greater  still,  ranging  from  ?<i7,  which  very  rarely  ot^curs,  to  as  much 
as  25  parts.  It  would  be  probably  useless  to  attempt  to  state  an  average, 
but  quantities  of  from  2  to  5  parts  occur  most  frecpiently.  In  water  from 
deep  wells  the  range  is  from  nil  to  about  H  parts,  and  occasionally  more,  the 
average  being  about  0*5  i»art.  In  spring  water  the  range  is  about  the  same 
as  in  deep  well  water,  but  the  avemge  is  somewliat  lower. 

It  sometimes  ha}qK.'ns  that,  when  the  supply  of  atmospheric  oxygen  is 
deficient,  the  organic  matter  in  water  is  oxidized  at  the  expense  of  the 
nitrates  present ;  and  occasionally,  if  the  quantities  happen  to  Ik)  suitably 
proi)ortioned,  they  are  mutually  destroyed,  leaving  no  evidence  of  pollution. 
This  reduction  of  nitrates  often  occurs  in  deep  well  water,  as  for  example, 
in  that  from  wells  in  the  Chalk  beneath  London  Clay,  where  the  nitrates  are 
often  totally  destroyed.  In  sewages,  putrefaction  speedily  sets  in,  and 
during  this  condition  the  nitrates  are  rapidly  destroyed,  and  so  completely 
and  uniformly  that  it  is  probably  needless  to  attempt  their  estimation, 
except  in  sewages  which  are  very  weak,  or  for  other  special  reasons 
abnormal.  Out  of  a  large  number  of  samjdes,  only  a  very  few  have  been 
found  which  contained  any  nitrates,  and  those  only  very  small  quantities. 

Nitrites  occurring  in  deep  springs  or  wells  no  doubt  arise  from  the 
deoxidation  of  nitrates  by  ferrous  oxide,  or  certain  fonns  of  organic  matter 
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of  a  harmless  nature ;  but  whenever  they  occur  in  shallow  wells  or  river 
water,  they  n)ay  be  of  much  greater  significance.  Their  presence  in  such 
cases  is  most  probably  due  to  recent  sewage  contamination,  and  such  waters 
must  be  looked  upon  with  great  suspicion. 


Total  Inorganic  Nitroflrezi. 

When  organic  matter  is  oxidized  it  is  ultimately  resolved  into  inorganic 
substances.  Its  cjirbon  appears  as  carbonic  acid,  it«  hydrogen  as  water,  and 
its  nitrogen  as  ammonia,  nitrous  acid,  or  nitric  acid;  the  last  two  combining 
with  the  bases  always  present  in  water  to  form  nitrites  and  nitrates.  The 
carbon  and  hydrogen  are  thus  clearly  beyond  the  reach  of  the  analyst ;  but 
the  nitrogen  compounds,  as  has  been  shown,  can  be  accurately  determined, 
and  furnish  us  with  a  means  of  estimating  the  amount  of  organic  matter 
which  was  formerly  present  in  the  water,  but  which  has  alr^dy  undergone 
decomposition. 

The  sum  of  the  amount^  of  nitrogen  found  in  these  three  forms  con- 
stitutes then  a  distinct  and  valuable  term  in  the  analysis,  the  organic 
nitrogen  relating  to  the  present ^  and  the  total  inorganic  nitrogen  to  the 
past  condition  of  the  water.  Since  ammonia,  nitrites  and  nitrates  are  quite 
innocuous,  the  total  inorganic  nitrogen  does  not  indicate  actual  evil  like 
the  organic  nitrogen,  but  potential  evil,  as  it  is  evident  tliat  the  innocuous 
character  of  a  water  which  contains  much  nitrogen  in  these  forms  depends 
wholly  on  the  permanence  of  the  conditions  of  tem))erature,  aeration, 
filtration  through  soil,  etc.,  which  have  bn)ken  up  the  original  organic 
matter;  if  these  should  at  any  time  fail,  the  past  contamination  would 
become  present,  the  nitrogen  appearing  in  the  organic  form,  the  water  being 
loaded  in  nil  likelihood  with  putrescent  and  contagious  matter. 

In  upland  surface  waters  which  have  not  been  contaminated  to  any 
extent  by  animal  pollution  the  total  inorganic  nitrogen  rarely  exceeds  0*03 
part.  In  A\-ater  from  cultivated  districts  the  amount  is  greater,  ranging  as 
high  as  1  part,  the  average  of  a  large  number  of  samples  being  about  0*22  part. 
It  is  useless  to  attempt  any  generalization  for  shallow  wells,  as  the  pro- 
portion depends  ui>on  local  circumstances.  The  amount  is  usually  large  and 
may  reach,  as  scon  in  Examples  XIII.,  the  enormous  quantity  of  twenty-five 
parts  per  100,000.  AVaters  containing  from  one  to  five  parts  are  very  commonly 
met  with.  In  water  from  deep  wells  and  springs,  quantities  ranging  up  to 
3*5  parts  have  been  observed,  the  average  on  a  large  series  of  analyses  being 
0"5  part  for  deep  wells  and  about  0*4  part  for  springs.  It  must  be  re- 
membered that  the  conditions  attending  deep  wells  and  springs  are 
remarkably  permanent,  and  the  amount  of  filtration  which  the  water  under- 
goes before  reaching  the  well  itself,  or  issuing  from  the  spring  is  enormous. 
Meteorological  changes  here  have  either  no  effect,  or  one  so  small  and  slow 
as  not  to  interfere  with  any  purifying  actions  which  may  be  taking  place. 
All  other  sources  of  water,  and  especially  shallow  wells,' are  on  the  other 
hand  subject  to  considerable  changes.  A  sudden  storm  after  drought  will 
wash  large  quantities  of  polluting  matter  into  the  water-course ;  or  dissolve 
the  filth  which  has  been  concentrating  in  the  pores  of  the  soil  during  the 
dry  season,  and  carry  it  into  the  well.  Small  indications  therefore  of  a 
polluted  origin  are  verj"^  serious  in  surface  waters  and  shallow  well  craters, 
but  are  of  less  moment  in  water  from  deep  wells  and  springs ;  the  present 
character  of  these  being  of  chief  imi)ortance,  since  whatever  degree  of 
purification  may  be  observed,  may  usually  be  tnisted  as  permanent.  The 
term  "total  inorganic  nitrogen"  has  been  chosen  chiefly  because  it  is 
Imsed  on  actual  results  of  analysis  without  the  introduction  of  any  theory 
whatever.  It  will  be  seen  that  it  corresponds  very  nearly  with  the  tenn 
"previous  sewage  or  animal  contamination,"  which  was  introduced  by  Dr. 
Frank  land,  and  which  was  employed  in  the  second  edition  of  this  work. 
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Perhaps  few  terms  liave  been  more  wonderfully  mlsnndenttood  and  xnis- 
repret<ented  than  that  phratte,  and  it  Ih  hoped  that  the  new  term  will  be  less 
liable  to  misconception.  It  will  be  remembered  that  the  "  previous  rawage 
contamination  "  of  a  vi-ater  was  calculated  by  multiplying  the  sum  of  the 
quantities  of  nitrogen  present  as  ammonia,  nitrates,  and  nitrites,  by  10,000 
and  deducting  320  from  the  product,  tlie  number  thus  obtained  representing 
the  previous  animal  contamination  of  the  water  in  terms  of  average  filtered 
London  sewage.  It  was  purely  conventional,  for  the  proportion  of  organic 
nitrogen  ])re»ent  in  such  sewage  was  a.<i9umed  to  be  10  parts  i)er  100,000, 
whereas  in  the  year  1857  it  was  actually  8*4  parts,  and  in  1869  only  7  parts. 
The  deduction  of  320  was  made  to  (correct  for  the  uvernge  amount  of 
inorganic  nitrogen  in  ruin  water,  and  this  is  omitted  in  calculating  **  total 
inorganic  nitrogen"  for  the  following  reasons: — The  quantity  is  small, 
and  the  variations  in  comi)osition  of  rain  water  at  difTerent  times  and  under 
difTerent  circumstances  very  considerable,  and  it  appears  to  obscure  the 
significance  of  the  results  of  analysis  of  very  pure  waters  to  deduct  from 
all  the  same  fixed  amount.  As,  too,  the  average  amount  of  total  inorganic 
nitrogen  in  unpolluted  surface  waters  is  only  O'Oll  part  (XXVIIl.),  it 
cannot  be  desirable  to  apply  a  correction  amounting  to  nearly  three  times 
that  average,  and  so  place  a  water  which  contains  0*032  part  of  total 
anorganic  nitrogen  on  the  same  level  as  one  which  contains  no  trace  of  any 
previous  pollution. 

Chlorine. 

This  is  usually  ])resent  as  sodic  chloride,  but  occasionally,  as  has  been 
mentioned  before,  it  is  most  likely  as  a  calcic  salt.  It  is  derived,  in  some 
<;ases,  from  the  soil,  but  more  usually  from  animal  excreta  (humau  urine 
4;ontain8  about  500  parts  per  100,000),  and  is  therefore  of  (considerable 
importance  in  forming  a  judgment  as  to  the  character  of  a  water.  Un- 
])oUuted  river  and  spring  waters  usually  contain  less  than  one  jtart ;  average 
town  sewage  about  eleven  parts.  Shallow  well  water  may  (K>ntain  any 
quantity  from  a  mere  traoo  up  to  fifty  j>arts  or  even  more.  Its  amount  is 
•scarcely  affei^ted  by  any  degree  of  filtration  through  soil :  thus,  the  eftiuent 
water  from  land  irrigate<l  with  sewage  contains  the  same  proportion  of 
<;hlorine  as  the  sewage,  unless  it  bus  been  diluted  by  subsoil  water  or  con- 
centrated by  evaiM)ration.  Of  (bourse,  attention  should  be  given  to  the 
geological  nature  of  the  district  from  which  the  water  comes,  the  distance 
from  the  sea  or  other  source  of  chlorine,  etc.,  in  order  to  decide  on  the 
•origin  of  the  chlorine.  Under  ordinary  circumstance,  a  water  containing 
more  than  three  or  four  parts  of  chlorine  should  be  regarded  with  suspicion. 

Hardness. 

This  is  chiefly  of  importance  as  regards  the  use  of  the  water  for  cleansing 
and  manufacturing  purposes,  and  for  steam  boilers.  It  is  still  a  moot  point 
as  to  whether  hard  or  soft  water  is  better  as  an  article  of  food.  The 
leuiporary  hardness  is  often  said  to  be  that  due  to  carbonates  held  in  solution 
by  carbonic  atnd,  but  this  is  not  quite  correct;  for  even  after  prolonged 
boiling,  n-ater  will  still  retain  about  three  parts  of  carbonate  in  solution, 
;ind  therefore  when  the  total  hardness  exceeds  three  jmrts,  that  amount 
should  be  (leducte<l  from  the  permanent  liardness  and  added  to  the  temi>orary, 
in  order  to  get  the  quantity  of  carbonate  in  solution.  But  the  term 
''temporary*'  Imrdness  ])roperly  applies  to  the  amount  of  hardness  which 
may  be  removed  by  boiling,  and  hence,  if  the  total  hardness  be  less  Vaoii 
three  parts,  there  is  usually  no  temporary,  A»  the  hardness  depends 
•<;hicfly  on  tlie  nature  of  the  soil  through  and  over  which  the  water  passes, 
the  variations  in  it  are  very  great;  tliat  from  igneous  strata  ha8  least 
Hiardness,  followed   in    approximate   order    by   that    from    Metamorphic, 
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Cambrian,  Silurian  and  Devonian  rocks,  Millstono  Grit,  Loudon  Clay, 
Bagshot  Beds,  Now  Bed  Sandstone,  Coal  Mea8iu*es,  Mountain  Limestone, 
Oolito,  Chalk,  Lias,  and  Dolomite,  the  average  in  the  case  of  the  first 
being  2*4  parts,  and  of  the  la.«t  41  parts.  As  animal  excreta  contain  a 
considerable  quantity  of  lime,  highly  polluted  waters  are  usually  extremely 
hard.  Water  from  shallow  wells  contains  varying  proportions  up  to  nearly 
200  parts  of  total  hardness  (XIII.).  No  generalization  can  be  made  as  to 
the  proportion  of  permanent  to  temporary  hardness. 

Suspended  Matter. 

This  is  of  a  less  degree  of  importance  than  the  matters  hitherto  considered. 
Prom  a  sanitary  point  of  view  it  is  of  minor  interest,  because  it  ma3'  be  in 
most  cases  readily  and  completely  removed  by  filtration.  Mineral  suspended 
matter  is,  however,  of  considerable  mechanical  importance  as  regards  the 
formation  of  impediments  in  the  river  bed  by  its  gradual  deposition,  and 
as  regards  the  choking  of  the  sand  filters  in  water-works;  and  organic 
suspended  matter  is  at  times  positively  injurious,  and  always  favours  the 
growth  of  minute  organisms. 

From  the  determinations  which  have  been  described,  it  is  believed  thai 
a  sound  judgment  as  to  the  character  of  a  water  may  be  made,  and  the 
analyst  should  hardly  be  content  with  a  less  complete  examination.  If, 
however,  from  lack  of  time  or  other  cause,  so  much  cannot  be  done, 
a  tolerably  safe  opinion  may  be  formed,  omitting  the  determination  of  total 
solid  matter,  and  organic  carbon  and  nitrogen.  But  it  must  not  be  forgotten 
that  by  so  doing  the  inquiry  is  limited  as  regards  organic  impurity,  to  the 
determination  of  that  which  was  formerly  present,  but  has  already  been 
converted  into  inorganic  substances.  If  still  less  must  suffice,  the  estimation 
of  nitrogen  as  nitrates  and  nitrites  may  be  omitted,  its  place  being  to 
a  certain  extent  supplied  by  that  of  chlorine,  but  especial  care  must  then  be 
taken  to  ascertain  the  source  of  the  latter  by  examination  of  the  district. 
If  it  be  in  any  degree  of  mineral  origin,  no  opinion  can  be  formed  from  it 
as  to  the  likelihood  of  organic  pollution.  At  best,  so  slight  an  examination 
must  be  of  but  little  value,  and  considering  the  rajiidity  with  which  the 
nitrogen  as  nitrates  cau  be  determined  by  the  indigo  process  (§  92),  the  saving 
of  time  would  be  very  small. 

General  Considerations. 

In  judging  of  the  character  of  a  fample  of  water,  due  attention  must 
of  course  be  paid  to  the  purpose  for  which  it  is  proposed  to  be  used.  The 
analyst  frequently  has  only  to  decide  broadly  whether  the  water  is  good  or 
bad ;  as,  for  example,  in  cjvscs  of  the  domestic  supply  to  isolated  houst»s  or  of 
existing  town  supplies.  Water  which  would  be  fairly  well  suited  for  the 
former  might  be  very  objectionable  for  the  latter,  where  it  would  be 
required  to  a  certain  extent  for  manufacturing  purposes.  Water  which 
would  be  dangerous  for  drinking  or  cooking  may  be  used  for  certain  kinds 
of  cleansing  operations ;  but  it  must  not  be  forgotten,  that  unless  great  care 
and  watchfulness  are  exercised  there  is  considerable  danger  of  this  restriction 
being  neglected,  and  especiall}-  if  the  objectionable  water  is  nearer  at  hand 
than  the  purer  supply.  There  would  for  this  reason,  probably,  be  some 
danger  attending  a  double  supply  on  a  large  scale  in  a  town,  even  if  the 
cost  of  a  double  service  of  mains,  etc.,  were  not  prohibitive. 

It  is  often  required  to  decide  between  several  proposed  sources  of  supply, 
and  here  great  care  is  necessary,  especially  if  the  differences  between  the 
samples  are  not  great.  If  possible,  samples  should  be  examined  at  various 
seasons  of  the  year ;  and  care  should  be  taken  that  the  samples  of  the  several 
waters  are  collected  as  nearly  as  possible  simultaneously  and  in  a  normal 
condition.    The  general  character  of  a  water  is  most  satisfactorily  shown  by 
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the  average  of  u  syKtenmtic  series  of  analyses ;  and  for  this  reas<^n  the  average 
analysis  of  the  water  8ui>plie8  of  London,  taken  from  the  Reports  of  Dr. 
Frankland  to  the  Registrar  General,  of  Glasgow  by  Dr.  Mills,  and  of 
Birmingham  by  Dr.  Hill,  are  included  in  the  table.  River  wators  should, 
as  a  rule,  not  be  examined  immediately  aftor  a  heavy  niin  when  they  are  in 
flood.  A  sudden  rainfall  after  a  dry  season  will  often  foul  a  river  more 
than  a  much  heavier  and  more  prolonged  downfall  after  average  weather. 
Similarly  the  sewage  dischargeil  from  a  town  at  the  beginning  of  a  heavy 
rainstorm  is  usually  extremely  foul,  the  solid  matter  which  has  been 
accumulating  on  the  sides  of  the  sewers,  and  in  corners  and  recesj^es,  being 
rapidly  washed  out  by  the  increased  stream. 

The  possibility  of  improvement  in  quality  must  also  be  considered.  A 
turbid  water  may  generally  be  rendered  clear  by  filtration,  and  this  will 
often  also  effect  some  slight  reduction  in  the  quantity  of  organic  matter; 
but  while  somewhat  rapid  filtration  through  sand  or  similar  material  will 
usually  remove  all  solid  susi>ended  matter,  it  is  genenill}'  nef.*es8ary  to  pass 
the  water  very  slowly  through  a  more  efficient  material  to  destroy  any  large 
proi>ortion  of  the  orgsmic  matter  in  solution.  Very  fine  sand,  animal 
charcoal,  and  spongy  iron  are  all  in  use  for  this  pur]>ose.  The  quantity 
of  available  oxygen  must  not  be  neglected  in  considering  the  ((uestion  ni 
filtration.  If  the  water  contains  only  a  small  quantity  of  organic  matter 
and  is  well  aerated,  the  quantity  of  oxygen  in  solution  may  be  sufficient, 
and  the  filtration  may  then  be  continuous;  but  in  many  instances  this 
is  not  the  case,  and  it  is  then  necessary  that  tlie  filtration  should  be 
intermittent,  the  water  being  allowed  at  intervals  to  drain  off  from  the 
filtering  material  in  order  that  the  latter  may  be  well  aerated,  after  which 
it  is  again  fit  for  work. 

Softening  water  by  Clark's  process  generally  removes  a  large  quantity 
of  organic  matter  (see  Table  8,  XVI.)  from  solution,  it  being  carried  down 
with  the  calcic  carbonate  ]>recipitate. 

It  is  evident  that  no  very  definite  distinction  can  be  drawn  between  deep 
and  shallow  wells.  In  the  foregoing  pages,  deep  wells  generally  mean  such 
as  are  more  than  100  feet  deep,  but  there  are  many  considerations  which 
.  qualify  this  definition.  A  deep  well  may  be  consi<lere<l  essentially  as  one 
the  water  in  which  has  filtered  through  a  considerable  thickness  of  porous 
material,  and  whether  the  shaft  of  such  a  well  is  deep  or  shallow  will  depend 
on  circumstance*.  If  the  shaft  passes  through  a  bed  of  clay  or  other 
imi)ervious  stratum,  and  the  surface  water  above  that  is  rigidly  excluded,  the 
well  should  be  classed  as  "  deep,"  even  if  the  shaft  is  only  a  few  feet  in 
depth,  because  the  water  in  it  must  have  jmssed  for  a  considerable  distance 
l>elow  the  clay.  On  the  other  hand,  however  deep  the  shaft  of  a  well,  it 
must  be  considered  as  '*  shallow  "  if  water  can  enter  the  shaft  near  the 
«urfa<^e,  or  if  large  cracks  or  fissures  give  free  passage  for  surface  water 
through  the  soil  in  which  the  well  is  sunk.  With  these  principles  in  view, 
the  water  from  wells  may  often  be  improved.  Every  care  should  bo  taken 
to  exclude  surfjice  water  from  deep  wells;  that  is  to  say,  all  water  from 
t(trata  within  about  100  feet  from  the  surface  or  above  the  first  impervious 
bed.  In  very  deep  wells  which  pass  through  several  such  beds,  it  is  desirable 
to  examine  the  water  from  each  group  of  pervious  strata,  as  this  often  varies 
in  quality,  and  if  the  supply  is  sufficient,  exclude  all  but  the  best. 

In  shallow  wells  much  may  occasionally  bo  accomplished  in  a  similar 
manner  by  making  the  up])er  part  of  the  shaft  wat«r-tight.  It  is  also 
<lesir.ible  that  the  surface  for  some  distance  round  the  well  should  be  puddled 
with  clay,  concreted,  or  otherwise  reiylered  imi)ervious,  so  as  to  increa^te  the 
thickness  of  the  soil  through  which  the  water  has  to  pass.  Drains  passing 
near  the  well  should  be,  if  possible,  diverted;  and  of  course  cesspools  should 
be  either  abolished,  or,  if  that  is  impracticable,  removed  to  as  great 
u  distance  from  the  well  as  is  possible,  and  in  addition  made  i)erfectly 
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wM^r-tight.  Changes  such  as  those  teud  to  dimiDish  the  uncertainty  of  th& 
conditions  attending  a  shallow  well,  but  in  most  cases  such  a  source  of 
supply  should,  if  possible,  be  abandoned  as  dangerous  at  best. 

Clark's  ProoeBS  for  Softening-  Hard  Water. 

The  patent  right  of  this  process  having  expired,  the  public  are  free  to  use  it. 

This  method  of  softening  consists  in  adding  lime  to  the  hard  water.  It  is 
only  applicable  to  water  which  owes  its  hardness  entirely,  or  chiefly,  to  the 
calcic  and  magnesic  carbonates  held  in  solution  by  carbonic  acid  (temporary 
hardness).  Water  which  owes  it«  hardness  to  calcic  or  magnesic  sulphate 
(permanent  hardness)  cannot  be  thus  softened ;  but  any  water  which  softens 
on  boiling  for  half  an  hour  will  be  softened  to  an  equal  extent  by  Clark's 
process.  The  hard  water  derived  from  chalk,  limestone,  or  oolite  districts^ 
is  generally  well  adapted  for  this  operation. 

To  soften  700  gallons  of  water,  about  one  ounce  of  quicklime  is  required 
for  each  part  of  temporarj'  hardness  in  100,000  parts  of  water.  The  quantity 
of  quicklime  required  is  thoroughly  slaked  in  a  pailful  of  water.  Stir  up 
the  milk  of  lime  thus  obtained,  and  pour  it  immediately  into  the  cistern 
containing  at  least  50  gallons  of  the  water  to  be  softened,  taking  care  to> 
leave  in  the  pail  any  heavy  sediment  that  may  have  settled  to  the  bottom  in 
the  few  seconds  that  intervened  between  the  stirring  and  pouring.  Fill  the 
pail  again  with  water,  and  stir  and  pour  as  before.  The  remainder  of  the 
700  gallons  of  water  must  then  be  added,  or  allowed  to  run  into  the  cistern 
from  the  supply  i>ipe.  If  the  rush  of  the  water  does  not  thoroughly  mix 
the  contents  of  the  cistern,  this  must  be  accomplished  by  stirring  with 
a  suitable  wooden  paddle.  The  iiiiter  will  now  appear  very  milky,  owing  to 
the  precipitation  of  the  chalk  which  it  previously  contained  in  solution 
together  with  an  equal  quantity  of  chalk  which  is  formed  from  the  quick- 
lime added. 

After  standing  for  three  hours  the  water  will  be  sufficiently  clear  to  use 
for  washing;  but  to  render  it  clear  enough  for  drinking,  at  least  twelve 
hours'  settlement  is  required.  This  process  not  only  softens  water,  but  it 
removes  to  a  great  extent  objectionable  organic  matter  present. 

The  proportion  of  lime  to  water  may  be  more  accurately  adjusted  during 
the  running  in  of  the  hard  water,  b}'  taking  a  little  water  from  the  cistern 
at  intervals  in  a  small  white  cup,  and  adding  to  it  a  drop  or  two  of  solution 
of  nitrate  of  silver,  which  will  produce  a  yellow  or  brownish  colouration  as 
long  as  there  is  lime  present  in  excess.  As  soon  as  this  becomes  very  faint, 
and  just  about  to  disappear,  the  flow  of  water  must  be  stopped.  The 
carbonate  may  be  removed  by  filtration  in  a  very  short  time  after  the  addition 
of  lime,  and  on  the  large  scale  this  may  l)e  done  with  great  rapidity  by 
means  of  a  filter  press,  as  in  Porter's  process.  This  latter  method  of 
rapidly  softening  and  purifying  water  is  the  invention  of  the  late 
J.  Henderson  Porter,  C.E.,  Queen  Victoria  Street,  London,  whose 
apparatus  is  largely  in  use  for  public  ii-ater  supplies,  and  for  softening  waters 
used  in  manufacturing  processes,  and  the  prevention  of  boiler  incnistations, 
etc.  The  chief  objections  to  the  original  Clark  process  are,  the  large  space 
required  for  mixing  and  settling  tanks,  and  the  time  required  for  subsidence 
of  the  precipitate.  On  the  contrary,  in  Porter's  process,  the  space 
occupied  is  small,  and  the  clarification  immediate.  The  results  are 
admirable,  and  are  achieved  at  a  very  moderate  cost. 

Another  apparatus  devised  by  M.M.  Gail  let  and  Hiiet,  of  Lille,  consists 
of  a  lofty  tank  containing  a  series  of  sloping  troughs.  The  water  after 
mixing  with  the  due  proportion  of  lime  vi'ater  passes  slowly  downwards 
through  the  tank  and  deposits  all  the  carbonate  precipitate  in  the  troughs, 
from  which  it  can  be  run  off  as  mud.  The  process  is  thus  continuous  and 
very  convenient  in  dealing  with  large  volumes  of  water. 
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KBTHODS  OF  BSTIKATINa  THE  OBaANIC  IKPXJBITIBS  IN 
WATER   WITHOUT    QAS    APPABATXJ8. 

§  91.  The  foregoin<<  methods  of  estimating  the  organic 
impurities  in  potable  waters,  though  very  comprehensive  and 
trustworthy,  yet  i)osse88  the  disadvantage  of  oc(;upying  a  good  deal 
of  time,  and  necessitate  the  use  of  a  complicated  and  cxj)ensivo  set 
of  apparatus,  which  may  not  always  be  within  the  reach  of  the 
operator. 

No  information  of  a  strictly  reliable  character  as  to  the  nature  of  the 
organic  matter  or  its  (piantity  can  l)e  gained  from  the  use  of  standard 
pennanganate  solution  as  originally  devised  by  Forschammer, 
and  the  same  remark  ai)plies  to  the  loss  on  ignition  of  the  residue, 
both  of  which  have  been  in  past  time  largely  used. 

The  Forschammer  or  oxygen  process,  however,  as  improved  by 
Letheby,  and  further  elaborated  by  Tidy,  may  be  considered  as 
worthy  of  considerable  confidence  in  detenuining  the  amount  of 
organic  subsUinces  contained  in  a  water. 


The   Oxyffen   Process. 

This  process  dei>end8  upon  the  estimation  of  the  amount  of 
oxygen  required  to  oxidize  the  organic  and  other  oxidizable  matters 
in  a  known  volume  of  water,  slightly  acidified  with  pure  sulphuric 
acid.  For  this  purpose,  a  standard  solution  of  potassic  i)ermanganate 
is  employed  in  excess.  The  amount  of  unchanged  pennanganate, 
after  a  given  time,  is  ascertained  by  means  of  a  solution  of  sodic 
thiosuli)hate,  by  the  help  of  the  iodine  and  stiirch  reaction. 

Tidy  ami  Frank  land  in  all  cases  make  a  blank  experiment 
with  pure  distilled  watc»r,  side  by  side  with  the  sample. 

As  regiinls  the  time  during  which  the  sample  of  water  should  be 
exposed  to  the  action  of  the  permanganate,  authorities  somewhat 
differ.  It  is  manifest  that,  if  the  water  contains  certain  reducing 
agents  such  as  nitrites,  ferrous  salts,  or  sulphuretted  hydrogen,  an 
immediate  reduction  of  the  reagent  will  occur,  and  Tidy  is 
disposed  to  register  the  reduction  which  occurs  in  three  minutes,  in 
the  known  absence  of  iron  and  sulphuretted  hydrogen,  as  due  to 
nitrites.  The  same  authority  adopts  the  plan  of  making  two 
olxservations,  one  at  the  end  of  one  hour  and  another  at  the  end  of 
three  hours,  at  the  onlinary  temperature  of  the  laboratory  (say  60" 
Fahr.  or  16'C.). 

Frank  land  admits  this  process  to  be  the  best  volumetric 
method  in  existence  for  the  estimation  of  organic  matters,  but  is 
content  with  one  exiKjriment  lasting  three  hours  (also  at  ordinary 
temperature). 

The  Water  Committee  of  the  Society  of  Public  Analysts  of 
Oreat  Britain  and   Ireland  have  adopted   the  periods  of  fifteen 
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minutes  and  four  hours  for  the  duration  of  the  experiment,  at  the 
fixed  temperature  of  80"  Fahr.  or  27''  C* 

Dupr(j  has  carried  out  experiments  {Analyst  vii.  1),  the 
results  of  wliich  are  in  favour  of  the  modifications  adopted  by  the 
Committee.     The  chief  conclusions  arrived  at  are  : — 

(1)  That,  practically,  no  decomposition  of  i>ermanganate  takes 
I)lace  during  four  hours  when  digested  in  a  closed  vessel  at  80** 
with  perfectly  jjure  water  and  the  usual  jiroportion  of  pure 
sulphuric  acid. 

By  adopting  the  closed  vessel,  all  dust  or  reducing  atmospheric 
influence  is  avoided. 

(2)  The  standardizing  of  the  thiosulphate  and  permanganate, 
originally  and  from  time  to  time,  must  be  made  in  a  closed  vessel 
in  the  same  manner  as  the  analysis  of  a  water,  since  it  has  been 
found  that  when  the  titration  is  made  slowly  in  an  open  beaker 
less  thiosulphate  is  required  than  in  a  stoppered  bottle.  This  is 
probably  due  to  a  trifling  loss  of  iodine  by  evaporation. 

(3)  That  with  very  pure  waters  no  practical  difiference  is 
])roduced  by  a  rise  or  fall  of  temperature,  the  same  results  l^eing 
obtained  at  32"  F.  as  at  80"  F.  On  the  other  hand,  with  polluted 
waters,  the  greater  the  organic  pollution,  the  greater  the  difiference 
in  the  amount  of  oxygen  absorbed  according  to  temperature. 

(4)  As  to  time,  it  appears  that  very  little  difleience  occurs  in 
good  waters  between  three  and  four  hours'  digestion;  but  with  bad 
waters  there  is  often  a  very  considerable  increase  in  the  extra  hour; 
and  thus  Duprc  doubts  whether  even  four  hours'  digestion  suffices 
for  very  imimre  waters. 

The  necessjiry  standard  solutions  for  working  the  process  will  be 
described  further  on. 


•Dupr^  ill  further  comment  on  the  temperature  at  which  it  is  advisable  to  carry 
out  this  method  {Analynt  x.  118),  and  fdso  as  to  the  reactions  involved,  points  out  one 
feature  which  has  in  all  probability  impressed  itself  upon  other  operators,  that  is  to 
say,  the  effect  of  chlorides  when  present  in  any  quantity.  It  is  evident  that  if  in  this 
case  the  permani^nate  is  used  at  a  hi^h  temperature  and  in  oyen  vessels,  chlorine  will 
be  liberated ;  imrt  escapiuK  into  the  air,  ana  the  rest  nullifying  the  reducing  effect  of 
any  organic  matter  present  on  the  permanganate.  If,  however,  the  experiment  be 
conducted  at  high  temperature  in  a  closed  vessel,  the  probable  error  is  eliminated, 
because  the  chlorine  is  retained,  and  subsequently,  when  cool  and  the  potassic  iodide 
added,  the  free  CI  liberates  exactly  the  same  amount  of  iodine  as  would  have  been  set 
free  by  ^e  permanganate  from  which  it  wa«  produced.  It  thus  becomes  possible  to 
estimate  the  amount  of  oxidizable  organic  matter,  even  in  sea  water.  In  order,  how- 
ever, to  reduce  the  probable  error  from  the  presence  of  chlorides,  Dupr^  prefers  to 
carry  on  the  experiment  at  a  very  low  temperature,  in  fact,  as  near  0®  C.  or  32**  P.  as 
possible,  and  uses  phosphoric  acid  in  place  of  sulphuric  (^)  gin.  glacial  acid  to  the 
liter;  10  c.c.  of  which  is  used  for  each  quarter  or  half  liter  of  water).  The  sample  is 
cooled,  the  reagent  added  in  a  stoppered  bottle,  and  kept  in  an  ordinary  refrigerator 
for  twenty-four  hours.  The  same  operator  very  rightly  condemns  the  practice  adopted 
by  some  chemists,  especially  those  of  Germany,  of  boiling  a  water  with  permanganate 
and  sulphuric  acid.  The  presence  of  chlorides  in  varying  proportions  must  in  such 
case  totelly  vitiate  the  results. 
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Comparison  of  the  Bosults  of  this  Process  with  the  Combustion 
Kethod. — I  cannot  do  butter  than  qiiott^  Dr.  Frankland's  remarks 
on  this  subject,  as  contained  in  his  treatise  on  Water  Anali/^is: — 

"  The  objections  to  the  oxyj,'eii  process  are  first,  thai  its  indications  are 
only  comparative,  and  not  absolute ;  and,  second,  that  its  comparisons  are 
only  true  when  the  organic  matter  compared  is  substantially  identical  in 
composition. 

**  ror  many  j'eare,  indeed,  after  this  process  was  first  introduced,  the  action 
of  the  permanpinate  H-as  tacitly  assumed  to  extend  to  the  complete  oxidation 
of  the  or^^anic  matter  in  the  water,  and,  therefore,  the  result  of  the 
experiment  was  jcenerally  state<l  as  *  the  amount  of  oxyj^en  required  to 
oxidize  the  organic  matter ;  *  whilst  some  chemists  even  employed  the  number 
80  obtained  to  calculate  the  actual  weight  of  organic  matter  in  the  water  on 
the  assumption  that  equal  weights  of  all  kinds  of  organic  matter  required 
the  same  weight  of  oxygen  for  their  comjdete  oxidation. 

"  Both  these  assumptions  have  been  conclusively  proved  to  be  entirely 
fallacious,  for  it  has  l)een  experimentally  demonstrated  by  operating  \\\ton 
known  quantities  of  organic  substances  dissolved  in  water,  that  there  is  no 
relation  either  between  the  absolute  or  relative  weight  of  different  organic 
matters  and  the  oxygen  which  such  matters  abstract  from  permanganate. 

"  Nevertheless,  in  the  periodical  examination  of  waters  from  the  same 
source,  I  have  noticed  a  remarkable  ]>arallelism  between  the  proportions  of 
organic  carbon  and  of  oxygen  al)stracted  from  permanganate.  Thus,  for 
many  years  ]>ast,  I  have  seen  in  the  monthly  examination  of  the  waters  of 
the  TJiames  and  Lea  supplied  to  London  such  a  parallelism  between  the 
numbers  given  by  Dr.  Tidy,  expressing  *  oxygen  consumed,*  and  those 
obtained  by  myself  in  the  detennination  of  *  organic  carbon.* 

**  This  remarkable  agreement  of  the  two  processes,  extending  as  it  did  to 
1,41K  out  of  1,680  sampler,  encouraged  me  to  boi>e  that  a  constant  multiplier 
might  be  found,  by  which  the*  oxygen  consumed*  of  the  Forschammer 
process  could  be  translated  into  the  '  organic  carbon  *  of  the  combustion 
method  of  analysis.  To  test  the  possibility  of  such  a  conversion,  my  pupil, 
Mr.  Woodland  Toms  made,  at  my  suggestion,  the  comparative  experi- 
ments recorded  in  the  following  tables  : — 


I.— Biver   Water. 


Source  of  Stiuiple. 


Chelsea  Company's  sujiply 
West  Middlesex  C'o.'s  „ 
Lambeth  Co.'s 
Southwark  Co.'s 
New  River  Co.*s 
Chelsea  Co.'s  second  sample 
1/ambeth  Co.'s 
New  River  Co.'s 


>» 


>» 


couaumed,  i} 


Oixoiiic 
carbon  by 
combustion. 


0098 

X 

26     - 

02.'>6 

0-116 

X 

25     - 

0291 

0119 

X 

2-43 

0282 

0121 

X 

2  22   - 

0-269 

0  076 

X 

2-4     - 

0183 

0070 

X 

2  69  =     ! 

0188 

0119 

X 

1-99  —     1 

0-234 

0*107 

X 

2  25  = 

0-221 

**  As  the  result  of  these  experiments  the  average  multiplier  is  2*39,  and 
the  maximum  errors  incurred  by  its  use  would  be  —  0021  part  of  organic 
carbon  in  the  case  of  the  second  sample  of  the  Chelsea  Company's  water, 
and  -f  0*049  part  in  that  of  the  second  sample  of  the  Lambeth  Company's 
water.     These  errors  would  practically  have  little  or  no  influence  ui)on  the 
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analyst's  opinion  of  the  quality  of  the  water.  It  is  desirable  that  this 
comparison  should  be  extended  to  the  water  of  other  moderately  polluted 
rivers. 


II.— Deep   Well   Water. 


Source  of  Sample. 


Kent  Company's  supply 
Colne  Valley  Co.'s  „ 
Hodgson's  Brewery  well 


Oxygen 
cousunied. 


O 


Organic 

carbon  by 

combnition. 


0015      X 

51  - 

0077 

00183    X 

6-9  = 

0094 

003        X 

5-3  — 

0158 

"  The  relation  between  *  oxyjfen  consumed '  and  *  organic  carbon '  in  the 
case  of  deep  well  waters  is  thus  very  different  from  that  which  obtains  in  tho 
case  of  river  waters,  and  the  average  multiplier  deduced  from  the  foregoing 
examples  is  5*8,  with  maximum  errors  of +0*01  of  organic  carbon  in  the  case 
of  the  Kent  Company's  water,  and  —  0  015  in  that  of  the  Colne  Valley 
water.    Such  slight  errors  are  quite  unimportant. 

*' Similar  comparative  experiment*  made  with  shallow  well  and  upland 
surface  waters  showed  amongst  themselves  a  wider  divergence,  but  pointed 
to  an  average  multiplier  of  2*28  for  shallow  well  water,  approximately  the 
same  as  that  found  for  modenitely  polluted  river  water,  and  1*8  for  upland 
surface  water. 

**  In  the  i  uterpretation  of  the  results  obtained,  either  by  the  Forschammer 
or  combustion  process,  the  adoption  of  a  scale  of  organic  purity  is  often  useful 
to  the  analyst,  although  a  classification  according  to  such  a  scale  may  require 
to  be  modified  by  considerations  derived  from  the  other  analytical  data.  It 
is  indeed  necessary  to  have  a  separate  and  more  liberal  scale  for  upland  surface 
water,  the  organic  matter  of  which  is  usually  of  a  very  innocent  nature,  and 
derived  from  sources  precluding  its  infection  by  zymotic  poisons. 

"Subject  to  modification  by  the  other  analytical  data,  the  following  scale  of 
classification  hjis  been  suggested  by  Dr.  Tidy  and  myself: — 


Section  I.— Upland  Surface  Water. 

"  Class  I.  Water  of  great  organic  puritg,  absorbing  from  permanganate 
not  more  than  0*1  part  of  oxygen  per  100,000  parts  of  water,  or  0*07  grain 
per  gallon. 

**  Class  II.  Water  of  medium  purity ,  absorbing  from  O'l  to  0*3  part  of 
oxygen  per  100,000  parts  of  water,  or  007  to  021  grain  per  gallon. 

** Class  Iir.  Water  of  doubtful  puritg,  absorbing  from  0*3  to  04  part 
per  100,000,  or  021  to  0*28  grain  per  gallon. 

**  Class  IV.  Impure  water ^  absorbing  more  than  0*4  part  per  100,000, 
or  0*28  grain  per  gallon. 


Section  II.— Water  other  than  Upland  Surface. 

**  Class  I.  Water  of  great  organic  puriii/^  absorbing  from  permanganate 
not  more  than  0'05  part  of  oxygen  per  100,000  parts  of  ^^-ater,  or  0'035  grain 
per  gallon. 
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''Class  II.  Wafer  of  medium  purity^  abftorbing  from  0*05  to  015  part 
of  oxygen  per  100,000,  or  0*035  to  0*1  grain  per  gallon. 

"  Class  III.  Water  of  doubfful  purity,  absorbing  from  0*15  to  0*2  part 
of  oxygen  per  1CO,000,  or  0*1  to  0*15  grain  per  gallon. 

"  Class  rv.  Impure  water ^  abmrbing  more  than  0*2  x>art  of  oxygen 
per  100,000,  or  015  grain  jwr  gallon." 

Dr.  James  Edmunds,  Public  Analyst  for  St.  James's,  London, 
in  a  communication  to  tlie  author,  writes  as  follows : — 

Medical  practiiionen*  who  wish  to  use  permanganate  as  a  ready  indicator 
for  organic  matter  in  drinking  waters,  may  be  glad  of  some  further  detail  a» 
to  the  significance  of  the  decolourization  which  i)ermanganate  undergoes 
when  in  contact  with  organic,  and  other  reducing  matters. 

Two  molecules  of  pptassic  permanganate  (2KMn(>'=316)  contain  five  atoms 
of  separable  nascent  oxygen.  Five  atoms  of  ox3'gen  are  equi\'alent  to  ton 
atx)ms  of  hydrogen,  and,  the  hydrogen-equivalent  being  the  base  of 
volumetric  analysis,  it  follows  that  31'(>  gm.  KMnO^  with  distilled 
water  to  1000  c.c.  will  constitute  the  normal  solution,  while  3*16  per  1000 
c.c.  will  constitute  the  decinormal  solution.  Of  this  W  permanganate,  each 
c.c.  yields  O'OCJOH  of  nascent  ox3'gen,  and,  under  proper  conditions,  will 
oxidize  0*0001  of  hydrogen.  So  long  as  the  separable  nascent  oxygen  onl}' 
is  regarded,  the  above  solutions  constitute  the  true  \  and  f^  i)etmanganate. 
But,  under  certain  conditions,  other  reactions  intervene ;  and,  in  view  of 
these,  we  require  also  to  consider  the  hydrogen-equivalent  of  the 
permanganate  as  regards  its  potassium,  and  as  regards  its  manganese.  On 
reckoning  out  these  latter  equivalences,  it  will  be  secji  that  the  decinormal 
])ermanganate,  while  j^  as  to  its  separable  oxygen,  is  ^Vc  ^^  to  its  potash, 
and  j^Ti  as  to  its  manganese.  It  therefore  follows  that,  to  precisely 
neutnilize  the  potish  of  the  ]>ermanganate,  and  also  to  dissolve  its  manganese 
as  a  manganous  salt,  there  would  bo  required  x*A  II^SO*  equal  in  volumo 
to  the  I'V  permanganate  used. 

It  must  be  recoUet^ted  that  the  decolounition  which  permanganate  imder- 
goes,  is  in  no  sense  a  measure  of  the  organic,  or  other  reducing  matter.  It 
is  a  measure  only  of  the  oxygen-absorbing  power  of  the  particular  reducing 
matters— under  a  particular  set  of  conditions.  This  fact  is  fundamental  in 
studying  the  action  of  permanganate.  With  a  given  quantity  of  the  same  kind 
of  organic  or  other  reducing  matter,  the  decolourization  of  permanganate  is, 
doubtless,  a  perfectly  constant  quantity — so  long  as  the  conditions  of  the 
reaction  arc  identical.  But  if  the  conditions  are  not  identical,  now  factors 
come  in  and  var>'  the  results.  The  practical  point  therefore  is  to  secure 
identical  conditions  for  each  operation,  so  as  to  make  the  results  com])arable 
and  reliable  as  a  measure  of  the  oxygen-absorbing  iK)wer  of  a  particular 
water. 

Now  3*  160  gm.  KMnO*  breaks  up  into 

K-O    O040) 
MnO   1*420  [-  =8160 
Separable  a**  nascent    ()     0*800  ) 

Each  c.c.  of  the  xV  l)©rmanganate  will  therefore  contain  yo'^  of  the  above 
((unntities.  Uut  OOOOS  of  nascent  oxygen  from  each  c.c.  of  this 
))ennanganate  is  obtainable  only  under  properly  adjusted  conditions. 
Under  other  conditions  the  Mn^O^  is  not  reduced  to  2MnO,  but  onlv  to 
2MnO^    In  the  latter  case,  each  c.c.  yields  only  000048  of  nascent  oxygen 
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instead  of  OOOOSO,  and  the  significance  of  the  decolourization  varies 
accordingly.  If  either  of  the  above  conditions,  or  a  definite  combination  of 
the  two  sets  of  conditions,  could  be  uniformly  secured ;  or.  if  the  amount  of 
MnO^  which  comes  out  could  afterwards  be  conveniently  determined,  there 
would  be  no  difficulty  in  calculatiug  the  significance  of  the  decolourization. 
The  problem  therefore,  is,  to  secure  a  definite  basis  for  calculation,  when 
wo  use  the  decolourization  as  marking  our  end-point. 

In  order  that  all  the  separable  oxygen  may  come  out  in  the  nascent 
condition,  so  as  to  combine  with  the  reducing  matters  whose  oxygen- 
absorbing  powers  are  to  be  measured,  we  must  have  the  following 
conditions : — 

1 .  The  titrate  (i.e.,  the  solution  about  to  be  titrated  by  the  permanganate) 
must  contain  H-SO*  in  such  excess  as  will  neutralize  the  potash,  and  also 
will  instantly  seize  and  draw  into  solution  the  MnO  which  has  to  be 
separated  from  the  available  ox3'geu.  It  has  already  been  seen  that,  as 
regards  the  aggregated  potash  and  manganese,  the  ])ermanganate  is  really 
a  Tinr  solution,  although  yV  as  regards  its  separable  ox^'gen.  Therefore, 
6  c.c.  of  T  air  H-SO*  would,  in  the  end,  neutralize  the  potash,  and  take  up  the 
minganese,  of  1  c.c.  of  the  yv  l>ermanganate.  In  practice,  however,  a  very 
large  excess  of  H-^O'*  must  be  on  hand  in  the  solution  in  order  to  secure 
the  complete  reduction  of  the  manganese  to  the  manganous  condition,  and 
the  withdrawal  of  this  into  solution  in  the  form  of  MnSO**.  Otherwise,  the 
nascent  moment  of  part  of  the  ox3"gen  is  lost,  the  hydrated  peroxide  of 
manganese  comes  out,  and  we  get  a  muddy  brown  liquid  whose  turbidity 
and  colour  obscure  the  end-point.  Practically  the  MnO^  which  thus 
comes  out  cannot  be  got  back  again  into  solution,  nor  can  it  be  easily 
quantified.  Any  precipitation  of  black  oxide  consequently  spoils  the 
titration. 

2.  The  titrate  should  in  each  case  be  made  up  to  the  same  volume,  and 
its  dilution  should  bear  a  reasonable  relation  to  the  volume  of  permanganate 
which  it  may  require. 

3.  The  temperature  at  which  the  reaction  is  conducted  must  be  the  same 
for  the  whole  series  of  titrations,  and  the  time  during  which  the  action 
proceeds  must  be  the  same.  Otherwise,  the  reaction  must  be  so  prolonged 
as  to  reduce  the  maximum  possible  volume  of  the  permanganate,  and  yield 
a  water-white  or  clear  pink  solution. 

4.  The  dropping  in  of  the  permanganate  should  closely  follow  up  the 
di«*appeanince  of  the  colour,  and  as  the  decolourization  halts,  the  dropping 
in  of  the  permanganate  should  be  checked. 

5.  If  the  permanganate  be  crowded  in,  under  conditions  where  the 
chemical  ix)tential  is  on  the  balance,  it  becomes  easier  to  reduce  a  surplus  of 
Mu'W  one  st'vge  to  ^MnO^,  than  to  reduce  the  minimum  quantity  of  Mn^O^ 
two  stages  down  to  2MnO.  In  this  case  crowding  the  permanganate  in  will 
bring  out  the  hydrated  peroxide  and  spoil  the  titration. 

6.  The  operations  should  be  conducted  in  gla.ss-stoppered  white  bottles. 
8-oz.  bottles  arc  convenient.  In  routine  titrations  the  white  basin  is 
preferable. 

It  must  be  recollected  that,  under  similar  conditions,  different  substances 
have  a  very  different  chemical  potential  in  their  retlucing  action  upon 
permanganate.  In  some  the  chemical  potential  is  so  great  that  they  are 
adequately  active  at  all  temperatures,  while  others  cannot  be  titrated  with 
l)ermanganatc  unless  at  an  elevated  temperature.  Thus  an  acid  solution  of 
a  ferrous  salt  reduces  permanganate  instantly  at  all  temperatures. 
Oxalic  acid  at  0"  C,  or  even  at  the  ordinary  terapenvture  of  the  laboratory, 
reduces  permanganate  so  slowly  that  it  cannot  be  conveniently  titrated.     Yet 
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the  oxalic  acid  titnitc  when  heated  to  60°  C  reihu'e-*  the  pernian^iiate 
rapidly,  and,  if  not  overiTowded,  gives  a  beautifully  sharp  end-])oint. 
Mattorn  not  really  in  solution — such  as  Imctorial  organisms  in  water, 
epithelium  and  other  organic  debris  in  urine — react  slowly  and  variously 
with  permanganate,  and  cannot  be  accurately  titrated.  On  the  other  hand, 
freeh  normal  urine,  filtered  warm,  makes  a  useful  titrate.  By  its  meaDs  the 
decolourization  of  i>ermanganate  with  organic  matter,  under  various  per- 
centages of  acidity  and  at  various  temperatures,  ma}'  be  studied  conveniently. 
The  filtered  urine  should  be  diluted  to  ten  times  its  volume  with  pure  distilled 
water.  Of  this  diluted  urine  10  c.c.  are  taken  for  each  titrate,  and  made  up 
to  100  c.c.  with  vsirious  i>en'entages  of  \-  H'SO*  and  distille<l  water.  Each 
such  titrate  contains  1  c.c.  of  filtered  urine.  The  experiments  may  be  ma<lo 
in  glass-stoppered  white  8-oz.  l)ottles,  at  the  ordinary  temj»erature  of  the 
laboratorj',  and  the  lK>ttles  should  l)e  open  only  while  the  permanganate  is 
dropped  in. 

In  working  the  permanganate  into  the  titrate,  several  elementil  results 
come  out  often  more  or  less  mixed.  Those  results  may  be  summarized  as 
follows :  — 

1.  Bleaching  continuously  out  to  water-white  without  turbidity,  without 
brown  film  in  bottle,  and  without  brown  i)recipitate.  Here  the  Mn-0^  is 
reduced  to  2MnO,  and  a  i)erfectly  sharp  pink  colour  is  obtained  as  the  end- 
point.  A  transient  yellowing  sometimes  ooeurs.  Five  atoms  of  nascent 
oxygen  are  set  free. 

2.  As  the  oxygen-absorbing  power  of  the  titrate  is  exhausted  there 
comes  a  halt,  and  the  do(>ol(»urization  is  no  longer  instantaneous.  In  some 
titrations,  as  that  for  uric  acid,  this  first  halt  in  the  decolourization  should 
be  taken  as  the  end-point.  In  other  cases  the  halt  marks  the  exhaustion 
only  of  the  most  active  reducers  in  a  complex  titrate,  and  should  be  noted 
as  a  useful  datum.  In  that  case,  further  additions  of  permanganate  require 
a  longer  time,  or  a  higher  temi)erature  in  order  to  raite  the  jtotential  and 
quicken  the  reduction.  So  soon  as  the  titration  is  completed,  one  drop  of 
permanganate  in  excess  gives  a  dear  permanent  faint  pink  colour. 

3.  Sometimes  the  permanganate  forms  a  ruby-red  compound,  the  tint  of 
which  is  quite  distinct  from  the  purple-pink.  On  standing,  this  ruby-re<l 
generall}'  yellows  or  browns  out  to  a  turbid  liquid,  ultimately  depositing 
a  brown  precipitate  of  hvdrated  peroxide  of  manganese,  and  leaving  a  w<it(>r- 
white  supernatant  liquid. 

.  4.  A  distinct  smokiuess,  or  a  yellowing  or  browning  out  of  the  purple 
sometimes  occurs.  On  standing,  MnO'^  comes  out.  This  may  appear  as 
a  brown  film  which,  on  tilting  the  bottle,  contrasts  well  with  the  water- 
white  liquid ;  as  a  brown  si><liment ;  or  as  a  fine  smoky  turbidity  which  takes 
hours,  or  even  days,  to  come  out  as  a  deposit  of  MnO*. 

If  titrates  be  made  up — (A)  of  100  c.c.  of  i)ure  distilled  water;  (B)  of 
100  c.c.  of  'j  H-SO^ ;  (C)  of  1  gm.  of  MnSO*  in  100  c.c.  of  distilled  water  ; 
(D)  of  1  gm.  of  MnSO*  in  100  c.c.  of  ^  H'SO*— a  series  of  control  titrate?* 
are  obtained.  On  adding  1  c.c.  of  permanganate  to  each  titrate,  A  and  B 
will  remain  for  many  days  a  full  colour  practically  unchanged,  though 
A  will  at  once  assume  the  ruby-red  colouration  ;  while  B  will  retain  the  tint 
of  the  puq)le  permanganate.  On  the  other  hand,  the  titrates  C  and  D, 
containing  the  manganous  sulphate,  will  instantly  reduce  the  i)ermanganate  and 
throw  out  a  brown  precipitate  which  subsides  much  more  rapidly  in  C  than  in 
D.  This  shows  that,  apart  altogether  from  the  presence  of  organic  or  other 
reducing  matters,  the  accumulation  of  manganous  sulphate  in  the  titrate 
upsetfi  the  balance  of  the  subsequently  added  i)ermanganate,  and  throws  out 
hydrated  peroxide. 

Another  series  of  titrates  may  each  contain  1  c.c.  of  filtered  urine,  with 
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H^Q*  Y  in  a  series  of  proportions,  and  in  each  case  made  up  with  BL^O  to 
lOO  c.c.  Ten  such  titrates  containinj?  of  f  sulphuric  acid  90, 80, 70, 60,  50,  40, 
30,  20,  10,  and  0  7o»  will  show  that,  on  adding  to  each  of  the  series  I  c.c. 
•nr  permanganate,  and  repeatinf^f  the  addition  from  time  to  time  till  5  c.c. 
permanganate  have  heen  added,  the  titrates  break  up  into  characteristic 
groups  according  to  the  percentage  of  sulphuric  acid  present,  and  that  the 
groupings  will  again  vary  according  to  the  temx>emture8  at  which  the 
reactions  are  conducted,  or  according  to  the  times  for  which  the  titrates  are 
allowed  to  stand  over  in  their  bottles.  A  comparison  of  the  results  shown 
in  ten  such  titrates— 1,  2,  3,  4,  5,  6,  7,  8,  9,  and  10,  with  the  results  seen 
in  the  control  titrates  A  B  C  I),  will  illustrate  the  complexity  of  the  considem- 
tions  which  are  involved  in  measuring  the  oxygen-absorbing  power  of 
organic  and  other  reducing  matters,  by  means  of  permanganate.  As  has 
already  been  indicated,  the  action  of  the  permanganate  does  not  quantify 
the  organic  or  other  reducing  matters  which  may  be  in  the  titrate ;  it  merely 
indicates  the  oxygen-absorbing  powers  of  those  titrates  under  specific 
42ouditions. 

The  Alboxninoid  AmmoTiia  Process. 

Wanklyn,  Chapman,  and  Smith  are  the  authors  of  this  well- 
known  method  of  estimating  the  quantity  of  nitrogenous  organic 
matter  in  water,  which  depends  upon  the  conversion  of  the  nitrogen 
ill  such  organic  matter  into  ammonia,  when  distilled  with  an  alkaline 
solution  of  potassic  permanganate  {J.  C,  S.  1867,  591). 

The  authors  have  given  the  tenn  "Albuminoid  ammonia"  to 
the  NH^  i)roduced  from  nitrogenous  matter  ])y  the  action  of  the 
permanganate,  doubtless  ])ecau8e  the  first  exi)eriments  made  in 
the  process  were  made  with  ail)uininoii8  sul)stances ;  but  the  authors 
also  proved  that  ammonia  may  be  obtained  in  a  similar  way  from 
a  great  variety  of  nitrogenous  organic  substances,  such  as  hipjmric 
acid,  narcotine,  strychnine,  morphine,  creatine,  gelatnie,  casein,  etc. 
Unfortunately,  liowever,  although  the  proportion  of  nitrogen 
yielded  by  any  one  substance  when  treated  with  Inuling  alkaline 
permanganate  appears  to  be  definite,  yet  difiTerent  subsUinces  give 
different  proportions  of  their  nitrogen.  Thus  hippuric  acid  and 
narcotine  yield  the  whole,  but  strychnine  and  morphine  only  one- 
lialf  of  their  known  proportion  of  nitrogen.  Hence  the  value  of  the 
numerical  results  thus  o])t{uned  dei)en(ls  entirely  on  the  assumption 
tlmt  the  nitrogenous  organic  matter  in  water  is  uniform  in  its 
nature,  and  the  authors  say  that  in  a  river  jjolluted  mainly  by 
sewage  "the  disintegrating  animal  refuse  would  be  pretty  fairly 
measured  l>y  ten  times  the  alljuminoid  ammonia  which  it  yields." 

It  is  stat(Hl  by  the  authors  that  the  albuminoid  ammonia  from  a 
really  good  drinking  water  should  not  exceed  0*008  part  in  100,000. 
The  average  of  fifteen  samples  of  Thames  water  supi)lied  to  Ixindon 
by  the  various  Water  Companies  in  1867  was  0*0089,  and  in  five 
.samples  supplied  by  the  5few  Iliver  Company  0*0068  part  per 
100,000. 

The  necessary  standard  solutions  and  directions  for  working  the 
process  will  be  described  further  on  (page  465). 
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PBSPABATION  OF   THB    SBAaBNTS    FOB    THB    SANITABT 
ANALYSIS    OF    WATE&S    WITHOUT    OAS    APFABATXJS. 

S  92.  The  Water  Committee  of  the  Society  of  Public  Analysts 
of  Great  Britain  and  Ireland  have  drawn  up  some  very  concise 
directions  for  the  practice  of  water  analysis  for  sanitary  purposes, 
based  upon  well-known  processes,  the  essential  parts  of  which 
ure  given  l^elow.  There  are  some  slight  mo<lification8,  such  as  the 
use  of  the  decern  or  10-grain  measure  instead  of  the  grain,  etc. 
The  insertion  here  of  these  directions  in  full,  or  nearly  so,  necessarily 
repeats  some  processes  which  have  Iwen  already  descril)ed  in  §§  88 
and  89,  but  it  avoids  cross-references  and  at  the  same  time  gives 
some  slight  practical  modifications  which,  to  some  operators, 
may  seem  desirable.  The  Committee  recommend  the  results  to  be 
recorded  in  grains  per  imperial  gallon ;  but  whatever  system  of 
weights  and  measures  the  individual  analyst  may  use,  a  slight 
calculation  will  enable  him  to  state  the  results  in  any  required  way. 

Baaffents  for  the  Bstimation  of  Chloxine. 

Standard  Solution  of  Silver  nitrate. — Dissolve  4*7887  parts  of 
pure  recrystallized  silver  nitrate  in  distilled  water,  and  make  the 
solution  up  to  1000  ])arts.  The  solution  is  to  Im)  standardized 
Against  the  standard  solution  of  sodic  chloride,  and  adjusted  if 
necessary.  1  cc.  =  0*001  gm.  of  chlorine,  or  1  dm.  =  0*01  gm.  of 
chlorine. 

Standartl  Solution  of  S'xiic  (!hl(>rido. — Dissolve   1*648  part  (»f 
jmnj  tlry  sodic  chloride  in  distilled  water,  and  make  the  solution 
up  to  1000  juivtH.     1  c.c.  contains  0*001  gm.  chlorine,  or  1  dm.  = 
0*01  grn.  of  chlorine. 

Potassic  monochromatc'. — 50  parts  of  potassic  monochromatc» 
are  dissolved  in  1000  ])arts  of  distilled  water.  A  soluticm  of 
silver  nitrate  is  added,  until  a  ])ennanent  red  i)recipitate  is 
pro<luccd,  which  is  allowe«l  U)  settle.  This  removes  any  accidentiil 
-chlorine  in  the  Siilt. 


Bearent  for  the  Betimation  of  Phosphoric  Acid. 

Molyljdic  Soluticm. — One  part  pure  molyMic  acid  is  dissolved 
in  4  parts  of  ammonia,  sj).  gr.  0*960.  This  solution,  after  filtration, 
is  iM)ure<l  witli  constant  stirring  into  15  parts  of  nitric  acid  of  1*20 
sp.  gr.  It  should  1)0  kept  in  the  dark,  and  carefully  decanted 
from  any  precipitate  which  may  fonu. 


Bea^ents  tor  the  Bstixnation  of  Nitroven  in  Nitrates. 
Concentnited  Sulphuric  acid. — In  order  to  ensure  freedom  from 
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oxides  of  nitrogen,  tliis  should  l>e  kcj^t  in  a  lx)ttle  containing 
mercury,  and  agitated  from  time  to  time,  which  will  ensure  their 
absence. 

Metallic  Aluminium. — As  thin  foil. 

Solution  of  Sodic  hydrate. — Dissolve  100  j)arts  of  solid  sodic 
hydrate  in  1000  parts  of  distilled  water.  When  cold,  introduce 
a  strip  of  a]x)ut  100  8(puire  cm.,  say  fifteen  square  inches,  of 
aluminium  foil,  previously  heated  just  short  of  redness,  wrapped 
round  a  glass  rod.  When  the  aluminium  is  dissolved,  boil  the 
solution  ])riskly  in  a  porcelain  basin  until  alnnit  one-third  of  its 
volume  has  ]>eeu  evaporated,  allow  it  to  cool,  and  make  it  up  to 
its  original  volume  with  water  free  from  ammonia.  The  solution 
must  be  tested  by  a  >>lank  experiment  to  prove  the  alienee  of 
nitmtes. 

Broken  Pumice. — Clean  pumice,  broken  into  pieces  of  the  size 
of  small  i)eas,  sifted  free  from  dust,  heated  to  redness,  and  kept 
in  a  (!losely  stoppered  bottle. 

Hydrochloric  acid  free  from  Ammonia. — If  the  onlinary  pure 
acid  is  not  free  from  ammonia,  it  should  be  distilled.  As  only  two 
or  three  drops  are  used  in  each  experiment,  it  will  be  sufficient 
if  that  quantity  does  not  contain  an  appreciable  proportion  of 
ammonia. 

Coi>per  sulphate  Solution. — Dissolve  30  parts  of  pure  copper 
sulj)hate  in  1000  parts  of  distilled  water. 

Metallic  Zinc. — As  thin  foil.  This  should  Ik?  kept  in  a  dry 
atniosph(.'re,  so  as  to  be  preserved  as  far  as  possi]>le  from  oxidation. 

Standard  Solution  of  Amnionic  chloride  (see  below). 
Xessler's  Solution  (see  below). 

Standard  Potassic  nitmte  of  j^i^jj  strength,  made  by  dissolving 
0*1011  gm.  KXO'*  in  a  liter  of  water  free  from  nitrates  or  nitrites. 

Indigo  Carmine. — A  good  quality  of  this  substance  (sodic 
sulphindylate)  shoidd  be  selected,  such  iis  will  not  give  a  very 
dark  brown  when  oxidized  with  nitric  acid,  and  about  a  gram 
dissolved  in  half  a  liter  of  dilute  pure  sulphuric  acid  (1  to  20). 
This  solution  keeps  in  the  dark  for  months  without  diminution  of 
strength. 

Pure  Sulphuric  Acid. — This  must  be  free  from  nitric  or  nitrous 
compounds,  and  of  not  less  sp.  gr.  than  1  '843. 
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Seaffents  for  the  Estixnation  of  Nitroffen  as  Ammonia  and 

Albuminoid  Ammonia. 

Conceiitnited  SUindanl  Sohition  of  Ammoiiic  chloride. — Dissolve 
3*15  jMirta  of  pure  nnimonic  chloride  in  1000  parts  of  distilled  water 
free  from  ammonia. 

SUin<lanl  Solution  of  Amnionic  chloride. — Dilute*,  the  above 
with  jmre  distilled  water  t<»  100  times  its  ]»ulk.  This  solution  is 
used  for  comjwirison  in  Xesslerizing,  and  contains  one  part  of 
iimmonia  (NIT*)  in  100,000,  or  ^J^^  m.j;m.  in  each  c.c. 

Xessler  Solution. — Dissolve  35  parts  of  j)ot{issic  i(xlidc  in 
100  juirts  of  water.  Dissolve  17  parts  of  men-uric  chloride  in 
300  parts  of  water.  The  li<pii«ls  may  l>e  heat<5d  to  aid  solution, 
but  if  so  must  ])e  cooled.  Add  the  latter  solution  to  tlie  former 
until  a  i>ermanent  ]>r(;cij)itate  is  j^roduced.  Then  dilute  witli 
a  20  jK»r  cent,  solution  of  smlic  or  ])ot'i8sic  hydrate  to  1000  ])arts ; 
add  mercuric  chloritle  solution  until  a  iKjrmanent  precijntate  again 
forms ;  allow  to  sUmd  till  settletl,  and  decant  ott*  tin*  clear  solution. 
Tlie  bulk  shoidd  be  kept  in  an  accurately  stop|)ered  l)ottle,  and 
a  <piantity  transferred  from  time  to  time  to  a  small  b')ttle  for  U84». 
Tlie  solution  improves  ])y  keeping.  It  will  Imj  noticed  that  this 
solution  is  only  a])out  half  the  strenj^th  of  tli(»  one  j^'iven  on  page 
399  ;  of  course  a  Iar^(?r  volume  has  to  ]>e  used  in  tilting. 

S<Hlic  carbonate. — A  20  per  cent,  solution  of  recently  ignited 
pure  scxlic  carl>onat(». 

Alkaline  Permanganate  Solution. — Dissolve  200  part**  of  j>otassic 
liydrat*^  and  eight  parts  of  \mT*i  potiissic  iKirmangJinate  in  11 00  parts 
•of  distilled  water,  and  boil  the  solution  rajndly  till  concentrated  to 
1000  parts. 

Distilled  Water  free  from  Ammonia  (se(»  pagt?  400). 


Beayents  for  the  Estimation  of  Oxygen  absorbed. 

Stiindard  Solution  of  I'otassic  permanganate. — Dissolve  0*395 
part  of  jnire  potassic  jM^nnanganatc  in  1000  of  water.  Ejicli  c.c. 
•contiins  0*0001  gm.  of  available  oxygen,  and  each  dm.  contains 
0-001  gm. 

Potiissic  iodide  Solution. — One  iMirt  of  the  jmre  sjdt  dissolved 
in  ten  parts  of  distilled  watt^r. 

1  )ilute  Sulphuric  acid. — One  j)art  by  volume  of  pure  sulphuric 
jicid  is  mixed  with  three  ])art8  by  volume  of  distilled  water,  and 
•solution  of  jx)tas.sic  jKirmanganate  dropped  in  until  the  whole 
Tetiins  a  verf/  faint  pink  tint,  after  warming  to  80^  F.  for  four 
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Sodic    thiosulphate. — One   part  of    the   pure   crystallized  salt 
dissolved  in  1000  parts  of  water.. 

Starch  Indicator. — The  best  fomi  in  which  to  use  this  is  the 
alkaline  solution,  page  131. 


Beagrents  for  the  Estimation  of  Hardness. 

Concentrated  Standard  Solution  of  Calcic  chloride. — Dissolve 
1*144  gni.  of  pure  crystallized  calc-spar  in  dilute  hydrochloric  acid 
(with  the  precautions  given  on  page  405),  then  dissolve  in  water, 
and  make  up  to  a  liter.  On  the  grain  system,  a  solution  of  the  same 
strength  is  made  hy  dissolving  11*44  grn.  of  calc-spar  in  1000  dm. 

Standard  Water  of  8"  Hardness. — This  is  made  by  diluting  the 
foregoing  concentrated  solution  to  ten  times  its  volume  with 
freshly  boiled  and  cooled  distilled  water. 

Standaixi  Soap  Solution  (is  made  precisely  as  directed  on  page 
405). — It  should  be  of  such  strength  as  just  to  form  a  permanent 
lather,  when  18  c.c.  or  dm.  measures  are  shaken  with  100  c.c.  or 
dm.  of  water  of  8'  hardness.  The  following  table  will  then  give 
the  degrees  of  hardness  corresponding  to  the  number  of  c.c.  or  dm. 
meiisures  emj^loyed. 

c.c.  or  dm. 
Measures. 

12-0 
14-0 
160 
180 


After  which  one  degree  =  2  c.c.  or  dm.  measures.  This  is  the 
last  solution  recommended  by  Dr.  Clark,  and  differs  slightly 
from  the  scale  given  on  page  439 ;  the  variation,  however,  is  very 
insignificant,  except  in  the  first  two  stages  of  the  table. 


The  Anal3rtioal  Processes. 

Collection  of  Samples. — The  same  as  directod  on  page  406. 

Appearance  in  Two-foot  Tube. — The  colour  or  tint  of  the  water  must 
be  ascertained,  by  examination,  iu  a  tube  two  feet  long  and  two  inches  in 
diameter.  This  tube  should  be  made  of  glass  as  nearly  colourless  as  may  be, 
and  should  be  covered  at  each  end  with  a  disc  of  perfectly  colourless  glass, 
cemented  on,  an  opening  being  left  for  filling  and  emptying  the  tube.  This^ 
opouiuK  may  be  made,  either  by  cutting  a  half-segment  otf  the  glass  disc  at 
one  end,  or  by  cutting  a  small  segmental  section  out  of  the  tube  itself,  before 
the  disc  is  cemented  on.  These  tubes  are  most  conveniently  kept  on  hook» 
in  a  horizontal  iH)sition  to  prevent  the  entrance  of  dust. 

The  tube  must  be  about  half-filled  with  the  water  to  be  examined,  brought 


rduess. 

0' 

c.c.  or  dm. 
Measures. 

0-9 

Harduess. 

5^ 

r 

2-9 

C)'^ 

2** 

5-4 

3^ 

7-7 

S' 

i 

9-9 

§    92.  ANALYTICAL   PROCESSES   FOR  WATEIJ,  467 

into  a  horizontal  position  level  with  the  eye,  and  directed  towards  a  woll- 
illuminated  white  surface.  The  comparison  of  tint  huF  to  be  mode  between 
the  lower  lialf  of  the  tube  containing  the  water  under  examination,  and  the 
upper  half  containing  atmospheric  air  only, 

SmelL — Put  not  loss  than  three  or  four  ounces  of  the  water  into  a  clean 
eight-ounce  wide-niouthe<l  stoppered  glass  bottle,  which  has  been  previouslj- 
rinsed  with  the  same  water.  Insert  the  stopper,  and  warm  the  water  in  a 
water  biith  to  100°  F.  (38°  C).  Remove  the  bottle  from  the  water  bath,  rinse 
it  outside  with  good  water  perfectly  free  from  odour,  and  shako  it  rapidly 
for  a  few  seconds ;  remove  the  stopper,  and  immediately  observe  if  the  water 
has  any  smell.     Insert  the  stopper  again,  and  repeat  this  test. 

When  the  water  has  a  dvtiinct  odour  of  any  known  or  recognized  polluting 
matter,  such  as  peat  or  sewage,  it  should  be  so  de«*cribed ;  when  this  is  not 
the  case,  the  smell  must  be  reported  simply  as  none,  very  slight,  slight,  or 
marked,  as  the  case  may  be. 

Ohlorine. — Titrate  at  least  100  c.c.  or  dm.  of  the  water  with  the  standard 
silver  nitrate  solution,  cither  in  a  white  ]M)rcelain  basin  or  in  a  glass  vessel 
standing  on  a  porcelain  slab,  using  potassic  chromato  as  an  indicator.  The 
titration  is  conducte<l  as  follows :— The  sample  of  water  is  measured  into  the 
basin  or  beaker,  and  1  c.c.  or  1  dm.  of  pota.ssic  chromate  solution  added. 
The  standard  silver  nitrate  solution  is  then  nin  in  cautiously  from  a  burette, 
until  the  red  colour  of  the  ]>recipitated  silver  chromate,  which  is  always 
observed  at  the  point  where  the  silver  solution  drops  in,  is  no  longer  entirely 
dischargeil  on  stirring.  The  burette  is  then  read  olf.  It  is  best  to  repeat 
the  exiwriment,  as  follows :— Add  a  few  drops  of  dilute  sodic  chloride  solution 
to  the  water  laMt  titrated,  which  will  discharge  the  red  colour.  Measure  out 
a  fresh  portion  of  the  water  to  be  titrated  into  another  basin,  and  repeat  the 
titration,  keeping  the  first  sample,  the  colour  of  which  has  been  discharged, 
side  by  side  with  the  second,  so  as  to  observe  the  first  permanent  indication 
of  difference  of  colour.  If  the  quantity  of  chlorine  bo  so  small  that  still 
greater  accuracy  is  necessar}',  the  titnition  may  be  conducted  in  the  same  way 
as  la<<t  describcni,  but  instead  of  the  operator  looking  directly  at  the  water 
containing  the  chromato  solution,  he  may  place  between  the  basin  containing 
the  water  and  his  eye,  a  flat  glass  cell  containing  some  water  tinted  with  the 
chromate  solution  to  the  same  tint  as  the  water  which  is  being  tested,  or  may 
look  through  a  gloss  coated  with  a  gelatine  film  coloured  with  the  same  salt 
(see  §  44).  Care  must  always  be  taken  that  the  water  is  as  nearlv  neutral 
as  possible  before  titration.  If  originally  acid,  it  should  be  neutralized  with 
precipitate<l  carbonate  of  lime.  If  the  pro])ortion  of  chlorine  be  less  than 
0*6  grain  per  gallon,  it  is  desirable  to  take  a  larger  quantity  of  the  water,  say 
250  c.c.  or  350  dm.,  for  the  estimation,  and  to  concentrate  this  quantity  on 
the  water  bath  before  titrating  it,  so  as  to  bring  it  to  about  100  c.c.  or 
150  dm.    This  titration  may  be  performed  by  gas-light. 

FlioBphoric  Acid. — The  ignited  total  residue,  obtained  as  hereafter 
directed,  is  to  be  treated  with  a  few  drops  of  nitric  acid,  and  the  silica 
rendered  insoluble  by  eva])oration  to  dryness.  The  residue  is  then  taken 
up  with  a  few  drops  of  dilute  nitric  acid,  some  water  is  adde<l,  and  the 
solution  is  filtered  through  a  filter  previously  washed  with  dilute  nitric 
acid.  The  filtrate,  which  should  measure  3  c.c.  (or  5  dm.)  is  mixed  with 
3  c.c.  of  molybdic  solution,  gently  warmed,  and  set  aside  for  fifteen  minutes, 
at  a  temperature  of  80"  F.  The  result  is  reported  as  "traces,"  "heavy 
traces," or  "very  heavy  traces,"  when  a  colour,  turbidity,  or  definite 
precipitate,  are  respectively  produced,  after  standing  for  fifteen  minutes. 
Another  method  is  given  on  page  441. 
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Nitroffen  in  Nitrates. — This  may  be  determined  by  one  of  the  following 
processes :  viz.,  Crum,  Copper-zinc,  Aluminium,  or  Indigo,  Analysts  should 
report  which  process  is  employed. 

Crum  Procexff. — This  is  described  on  page  430,  or  it  may  bo  carried  out  in 
a  Lunge's  nitrometer  as  follows:— 250  c.c.  or  dm.  of  the  water  must  bo 
concentrated  in  a  basin  to  2  c.c.  or.  3  dm.  mea.sure.  A  Lunge's  nitrometer 
is  charged  with  mercury,  and  the  three-way  stop-cock  closed,  both  to  measuring 
tube  and  waste  pipe.  The  concentrated  filtrate  is  poured  into  the  cup  at  the 
top  of  the  measuring  tube,  and  the  vessel  which  contained  it  rinsed  with  1  c.c. 
of  water,  and  the  contents  added.  The  stop-cock  is  opened  to  the  measuring 
tube,  and,  b}'  lowering  the  pressure  tube,  the  liquid  is  drawn  out  of  the  cup 
into  the  tube.  The  hisin  is  again  rinsed  with  5  c.c.  of  pure  strong  sulphuric 
acid,  and  this  is  also  transferred  to  the  cup  and  drawn  into  the  measuring 
tube.  The  stoi)-cock  is  once  more  closed,  and  12  c.c.  more  sulphuric  acid  put 
into  the  cup,  and  the  stop-cock  opened  to  the  measuring  tube  until  10  o.c.  of 
acid  have  passed  in.  The  excess  of  acid  is  discharged,  and  the  cup  and  waste 
pipe  rinsed  with  ^-ater.  Any  gas  which  has  collected  in  the  measuring  tube 
is  expelled  by  opening  the  stop-cock  and  raising  the  pressure  tube,  tiaking 
care  no  liquid  escai)es.  The  stop-cock  is  closed,  the  measuring  tube  taken 
from  its  clamp  and  shaken  by  bringing  it  slowly  to  a  nearly  horizontal 
position,  and  then  suddenly  raising  it  to  a  vertical  one.  This  shaking  is 
continued  until  no  more  gas  is  given  off,  the  operation  being,  as  a  rule, 
complete  in  fifteen  minutes.  Now  prepare  a  mixture  of  one  part  of  water 
with  five  parts  of  sulphuric  acid,  and  let  it  stand  to  cool.  After  an  hour, 
pour  enough  of  this  mixture  into  the  pressure  tube  to  equal  the  length 
of  the  column  of  acidulated  water  in  the  working  tube,  bring  the  two  tubes 
side  by  side,  raise  or  lower  the  pressure  tube  until  the  mercury  is  of  the  same 
level  in  both  tubes,  and  read  off  the  volume  of  nitric  oxide  (for  calculation 
of  nitrogen  see  page  262).  This  volume,  expressed  in  c.c.'s  and  corrected  to 
normal  temperature  and  pressure,  gives,  when  multiplied  by  0'175,  the 
nitrogen  in  nitrates,  in  grains  per  gallon,  if  250  c.c.  of  the  water  have 
been  used. 

Copper-zinc  Process  (already  described  on  page  433). 

Aluminium  Process.— Thin  is  carried  out  as  follows: — 50  c.c.  or  100  dm. 
of  the  water  are  introduced  into  a  retort,  and  50  c.c.  or  100  dm.  of  a  10  per 
cent,  solution  of  caustic  soda,  free  from  nitrates,  added.  If  necessary,  the 
contents  of  the  retort  should  be  distilled  until  the  sample  is  free  from 
ammonia.  The  retort  is  then  cooled,  and  a  piece  of  aluminium  foil 
introduced  into  it.  The  neck  of  the  retort  is  inclined  upwards,  and  its 
mouth  closed  with  a  perforated  cork,  through  which  passes  the  narrow  end 
of  a  small  chloride  of  calcium  tube  filled  with  powdered  pumice  or  glass 
beads  wetted  with  very  dilute  hydrochloric  acid  free  from  ammonia.  This 
tube  is  connects  with  a  second  tube  containing  pumice  stone  moistened 
with  strong  sulphuric  acid,  which  serves  to  prevent  any  ammonia  from  the 
air  entering  the  apparatus,  which  is  allowed  to  stand  in  this  way  for  a  few 
hours  or  overnight.  The  contents  of  the  first  absorption  tube— that  next 
the  retort— are  washed  into  the  retort  with  a  little  distilled  water  free  from 
ammonia,  and  the  retort  adapted  to  a  conden.ser.  The  contents  of  the  retort 
are  distilled  to  about  half  their  original  volume.  The  distillate  is  collected, 
and  an  aliquot  part  Nesslerized ;  and,  if  necessary,  the  rest  of  the  distillate 
is  diluted,  and  an  aliquot  part  again  Nesslerized  as  hereafter  directed. 

Indigo  Process. — An  elaborate  series  of  experiments  made  by  Warington 
ujwn  this  method  were  described  in  a  former  edition  of  this  book ;  but 
experience  has  shown  that  the  only  method  by  which  it  can  be  made 
serviceable  in  the  case  of  waters  is  to  have  a  solution  of  indigo  carmine  of 
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jfood  quality,  which  is  standard izwl  upon  a  very  >vf'ak  ^>Uitic)n  of  potawic 
nitrate.  A  definito  vohimo  of  indigo  must  be  uso<l  invariably,  and  the 
water  to  be  examined  varie<l  in  quantity  according  to  its  contents  of  N^O. 
In  this  manner  very  excellent  rcsulti*  iimy  be  obtained,  but  it  nnist  always 
1)6  remembered  that  the  ]>rocess  is  only  accurate  with  modenite  i)roiM)rtions 
of  nitrates,  because  any  error  is  enormously  multiplie4l  when  calculated 
upon  a  liter  or  a  tpillon  of  water. 

The  process  now  to  Ix?  dt»s<Tibod  was  in  constiuit  use  in  the  laboratory  of 
the  late  Dr.  Meymott  Tidy,  and  Mr.  J.  R.  Skelton,F.l.C.,  his  chief 
assistant  for  some  years,  has  kindly  ^iven  me  several  details  of  the  process 
as  worked  by  him  under  Dr.  Tidy's  direction.  I  have  also  foiuul  this 
modification  very  serviceable  for  the  rapid  estimation  of  nitrates  in  ordinary 
I>otablo  waters. 

Standnrdiziutj  the  Iiulitjo.  -  10  c.c.  of  the  standard  nitrate  (p.  MM)  are  run 
into  a  thin  flii.«k  holding  about  \TA)  c.c,  then  10  c.c.  of  indigo.  iO  c.c.  of 
sulphuric  acid  are  then  qui<*kly  added  from  a  ^jraduated  mejisure,  and  a  rotjiry 
motion  ^iven  to  the  fh^k  to  mix  the  liquids  the  flask  is  then  quickly  held 
ov(T  a  spirit  lamp  or  small  rose  ^s  burner  to  maintain  the  heat. 

If  the  indijro  is  at  once  de<'olorize<l,  more  is  ruji  in  with  constant  heatinj;, 
until,  after  heatin^^  for  about  thirty  se<»onds,  a  pi»rsisteut  greeni.sh  colour  is 
noted.  From  the  luimber  of  c.c.  of  indi^'o  decolorized  the  necessary  de>rreo 
of  dilution  is  nilculaled.  and  nnist  always  be  made  with  the  five  per  cent. 
sul])huri(;  acid,  an<l  not  with  jdain  water.  Fresh  trials  are  ma<le  in  the  .same 
manner  until  the  stren;;th  of  the  indijco  is  acMrurately  detennined. 

Pror^AA  for  yi/rafes  in  vat^r. — A  trial  titration  is  first  made  by  taking 
10  (r.c.  of  the  water,  addin^f  indi^),  then  strong  sulphuric  acid  in  volume 
equal  to  the  unit<Hl  volumes  of  indij^o  and  wat^r,  and  heatin^r  exactly  as  in 
standardizing  the  indigo.  This  first  titnition  will  .show  how  much  the  water 
under  examination  must  l)0  diluted,  so  that  it  muv  contain  nitric  acid 
approximately  equal  to  the  i/n^  i>otassio  nitrate.  After  the  water  luis  lx»en 
diluted  with  distille<l  water  free  fmm  nitnites  or  nitrites,  fresh  titnitions  are 
made  as  before  des<»ribe<l  until  the  exact  numlwr  of  c  c.  of  indi^^o  decolorized 
by  10  <*.c.  of  the  diluted  water  is  known.  In  all  cases  it  is  important  to 
work  to  the  same  shade  of  irreenish  colour,  after  heatin*.:  for  thirty  seconds, 
as  wiis  obtaine<l  in  the  ori;;inal  staudardizin)sM>f  the  indigo.  The  colour  of 
the  oxidized  indigo  by  itself  should  be  a  clear  yellow. 

Ammonia,  Free  and  Saline.  The  estimation  of  ammonia  present  in 
the  water  in  a  fre<»  or  saline  form,  and  of  that  yielded  by  Ihe  nitrogenous 
matter  present  in  the  water  (commonly  called  albuminoid  ammonia),  is  to  bo 
made  on  the  s:imc  ]>ortion  of  the  sample  to  ho.  analyzed. 

Take  not  less  than  5U0  c.c.  or  700  dm.  (one  deci-KalUm)  of  the  water  for 
these  determinations,  and  distil  in  a  40-oz.  stoppered  retx>rt,  which  is  lar^je 
enoui^h  to  pn»vent  the  pn)l)ability  of  portions  of  the  water  bein^  spirted 
over  into  the  conden»scr.  The  neck  of  the  retort  should  l)e  small  onouvrh  to 
pafls  thriK)  or  four  inches  into  the  internil  kI>u»  tube  of  a  Licbi^'s 
condenser.  If  the  fit  l)et\veen  the  retort  and  the  inside  tube  of  tlio 
condenser  is  ^^'ood,  the  joint  may  be  made  by  wrappiujc  a  small  piece  of 
wash(Ml  tinfoil  rounii  the  retort  tube  so  as  to  ]>a8s  just  inside  the  mouth  of 
the  condenser  tube.  Many  analysts  prefer,  however,  to  work  with  a  retort 
fitting;  loosely  into  the  conilensi^r;  and,  in  such  cases,  the  joint  between  the 
two  may  be  made  in  one  of  the  two  following  ways:— (I)  Kither  by  an 
ordinary  india-rubber  rin>?— such  as  those  used  for  the  top  of  umbrellas — 
which  iiiiM  bo4Mi  ]>reviously  soaked  in  a  dilute  solution  of  soda  or  potash — 
l)ein>,'  stretcluHl  over  the  retort  tube  in  such  a  position,  that  when  the  retort 
tube  is  iiiMerte<l  in  the  condenser  it  shall  fit  fairly  tightly  within  the  mouth 
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of  the  tube,  about  half-an-inch  from  the  end :  (2)  Preferably,  when  the 
shape  of  the  large  end  of  the  condenser  admits  of  it,  by  a  short  length,  say 
not  more  than  two  inches,  of  large  size  india-rubber  tubing,  which  has  been 
previously  soaked  in  a  dilute  solution  of  soda  or  potash,  being  stretched 
outside  both  retort  tube  and  condenser  tube,  so  as  to  couple  them  together, 
so  that  the  tube  of  the  retort  still  projects  some  inches  into  that  of  the 
condenser.  It  is  very  desirable  to  have  a  constant  stream  of  water  rouad 
the  condenser,  whenever  it  can  bo  obtained.  Before  distillation,  a  portion 
of  the  water  must  be  tested  with  cochineal,  in  order  to  ascertain  if  it  shows 
an  alkaline  reaction.  The  portion  so  tested  must,  of  course,  be  rejected, 
and  not  put  into  the  retort.  If  the  water  does  not  show  an  alkaline 
reaction,  a  sufllcient  quantity  of  ignited  sodic  carbonate,  to  render  the  water 
distinctly  alkaline,  must  be  added.  The  distillation  should  then  be  com- 
menced, and  not  less  than  100  c.c.  or  150  dm.  distilled  over.  The  receiver 
should  fit  closely,  but  not  air-tight,  on  the  condenser.  The  distillation 
should  be  conducted  as  rapidly  as  is  compatible  with  a  certainty  that  no 
spirting  takes  place.  After  100  c.c.  or  150  dm.  have  been  distilled  over,  the 
receiver  should  be  changed,  that  containing  the  distillate  being  stop|)ered  to 
preserve  it  from  access  of  ammoniacal  fumes.  100  c.c.  measuring  flasks 
make  cx)nvenient  receivers.  The  distillation  must  be  continued  until  50  c.c, 
or  say  75  dm.  more,  are  distilled  over;  and  this  second  portion  of  the 
distillate  must  be  tested  with  Nessler's  reagent,  to  ascertain  if  it  contains 
any  ammonia.  If  it  does  not,  the  distillation  for  free  or  saline  ammonia 
may  be  discontinued,  and  this  last  distillate  rejected ;  but  if  it  does  contain 
any,  the  distillation  nmst  be  continued  still  longer,  until  a  portion  of  50  c.c, 
or  75  dm.,  when  collected,  shows  no  colouration  with  the  Nessler  test. 
The  whole  of  the  distillates  must  be  Nesslerized  as  follows  : — The  standard 
solution  of  ammonia  for  comparison  is  that  given  on  page  465.  The 
distillate  is  transferred  to  a  clean  Nessler  glass,  and  one-twentieth  of  its 
volume  of  Nessler  solution  added.  No  turbidity  must  ensue  on  the 
addition  of  the  Nessler  solution  to  the  water,  as  such  turbidity  would 
be  a  proof  that  the  distillate  was  contaminated  by  reason  of  spirting,^ and 
must,  therefore,  be  rejected,  and  the  detennination  repeated. 

After  thoroughly  mixing  the  water  and  Nessler  solution  in  the  glass,  an 
approximate  estimate  can  be  formed  of  the  amount  of  ammonia  present,  by 
the  amount  of  colouration  produced  in  the  solution.  It  will  now  be  neces- 
sary to  mix  one  or  more  standard  solutions  with  which  to  compare  the  tint 
thus  obtained.  These  solutions  must  be  made  by  mixing  the  standard 
solution  of  amnionic  chloride  with  distilled  water  absolutely  free  from 
ammonia,  and  subsequently  adding  some  of  the  same  Nessler  solutiou  as 
was  previously  added  to  the  distillate.  This  precaution  is  essential,  because 
the  tint  given  by  different  samples  of  Nessler  solution  varies. 

Albuxnlncid  Axnxnonla. — As  soon  as  the  distillation  of  the  free  ammonia 
has  been  started,  the  alkaline  solution  of  permanganate  should  be  measured 
out  into  a  flask,  ready  for  addition  to  the  water  under  examination,  for  the 
distillation  of  the  albuminoid  ammonia.  The  volume  of  the  alkaline 
permanganate  solution  to  be  taken  must  be  at  least  one-tenth  of  that  of  the 
water  which  is  being  distilled ;  and  should  not  exceed  that  proportion  unless 
the  water  is  of  very  bad  quality,  and  the  solution  must  be  made  in 
accordance  with  the  directions  contained  in  these  instructions.  This 
solution  must  be  diluted  with  four  times  its  own  volume  of  water,  and  must 
be  placed  in  a  flask  and  boiled  during  the  whole  time  that  the  distillation 
of  the  sample  for  free  ammonia  is  being  carried  on,  care  being  taken  that 
the  concentnition  does  not  proceed  to  too  great  an  extent.  There  must  be 
enough  of  this  boiled  and  diluted  alkaline  permanganate  solution  to  make 
up  the  residue  in  the  retort  to  about  500  c.c.  or  700  dm.  When  the 
distillation  of  the  sample  of  ^\'ater  for  free  and  saline  ammonia  is  completed. 
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the  alkaline  permaii^nate  solution,  which  has  been  thus  diluted  and 
boiled,  will  be  ready  for  U8c,  and  the  distillation  for  albuminoid  ammonia 
may  be  proceeded  with,  as  followH : — 

To  the  residue  left  in  t|ie  retort  from  which  the  free  ammonia  has  been 
distilled,  add  the  alkaline  permanganate  Kolution  to  make  it  up  again  to 
a  volume  of  at  least  500  c.c,  or  say  700  dm.,  and  the  lamp  being  replaced, 
the  distillation  must  be  continued,  and  successive  portions  of  the  distillate 
again  collected  in  precisely  the  same  way  as  during  the  process  of  distillation 
for  free  ammonia. 

After  200  c.c.  or  :100  dm.,  say  two-fifths  of  the  volume  contained  in  the 
retort,  have  been  distilled  over,  the  receiver  should  be  changed,  and  further 
portions  of  50  c.c.  or  75  dm.  collecte<l  separately,  until  the  distillate  is 
practically  free  from  ammonia.  The  distillate  must  then  be  mixed,  and 
Xesslerized  in  the  sjime  way  as  previously  directed  for  free  ammonia.  The 
result  HO  obtained  rauht  be  calculated  to  ammonia  in  grams  per  liter  or 
Ik^rains  per  gallon,  and  returned  as  albuminoid  ammonia. 

Special  care  must  bo  taken  that  the  atmosphere  of  the  room  in  which 
these  distillations  are  performed  is  kept  free  from  ammoniacal  vapours,  and 
that  the  receivers  fit  clo.<(e,  but  not  air-tight,  to  the  end  of  the  Liebig's 
condenser.  It  is  also  specially  necessary  to  observe  that  the  colour  of  the 
distillate  deepens  gradually  after  the  addition  of  the  Nessler  reagent,  and 
that  it  is  not  possible  to  read  off  the  amount  of  colour  correctly  until  the 
Ncsslerized  li((uor  has  stood  for  at  least  three  minutes,  and  been  intimately 
mixed  with  the  Nessler  solution  (see  also  note,  page  408). 

Special  care  must  be  taken  that  the  retort,  condensers,  receivers,  funnels, 
Nessler  glasses,  etc.,  used  are  all  rendered  perfectly  free  from  ammonia 
before  use.  Where  the  water  in  use  in  the  laboratory  is  good,  this  may  be 
used  to  thoroughly  rinse  the  apparatus  two  or  three  times,  draining  out  the 
adhering  water;  otherwise  pure  distilled  water  niiu^t  be  used.  These 
ammonia  and  albuminoid  ammonia  determinations  should  be  made  as  soon 
as  i)ossible  after  the  water  has  been  received  for  analysis. 

Ozyeren  Absorbed.-  Two  separate  determinations  have  to  be  made,  viz., 
the  amount  of  oxygen  absorbed  during  fifteen  minutes,  and  that  absorbed 
during  four  hours.  Both  are  to  l)e  made  at  a  temxMjrature  of  80°  F.  (27*  C). 
It  is  most  convenient  to  make  these  determinations  in  12-oz.  stoppereid  flasks, 
which  have  been  rinsed  with  sulphuric  acid  and  then  with  water.  Put 
25C)  c.c.  or  dm.  into  each  flask,  which  must  be  stoppered  and  immersed  in 
a  water  bath  or  suitable  air  bath  until  the  temperature  rises  to  80"  F.  Now 
add  to  each  flask  10  c.c.  or  10  dm.  of  the  dilute  sulphuric  acid,  and  then 
10  c.c.  or  10  dm.  of  the  standard  permanganate  solution.  Fifteen  minutes 
lifter  the  addition  of  the  ])ermanganate,  one  of  the  flasks  must  be  removed 
from  the  bath  and  two  or  three  drops  of  the  solution  of  potassic  iodide  added 
to  remove  the  pink  colour.  After  thorough  admixture,  run  from  a  burett^e 
the  standard  solution  of  thiosulphate,  until  the  yellow  colour  is  nearly 
•destroyed,  then  add  a  few  drops  of  starch  indicator,  and  continue  the 
addition  of  the  thiosulphate  until  the  blue  colour  is  just  discharged.  If  the 
titration  has  been  properly  conducted,  the  addition  of  one  drop  of 
permanganate  will  restore  the  blue  colour.  At  the  end  of  four  hours 
remove  the  other  flask,  add  potassic  iodide,  and  titrate  with  thiosulphate,  as 
just  described.  Should  the  pink  colour  of  the  wat«r  in  the  flask  diminish 
rapidly  during  the  four  hours,  further  measured  quantities  of  the  standard 
solution  of  permanganate  must  be  added  from  time  to  time  so  as  to  keep  it 
markedly  pink. 

The  thiosulphate  solution  must  be  standardized,  not  only  at  flrst,  but 
(since  it  is  liable  to  change)  from  time  to  time  in  the  following  way : — To 
2>50  c.c.  or  dm.  of  pure  redistilled  water  add  two  or  three  drops  of  the  solution 
<of  i>ota8sic  iodide,  and  then  10  c.c.  or  dm.  of  the  standaniiaed  solution  of 
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permanganate.  Titrate  with  the  thiosulphate  sohition  as  above  described- 
Tiie  quantity  used  will  be  the  amount  of  thiosulphate  sohition  corresponding 
to  10  c.c.  or  10  dm.,  as  ma}'  be,  of  the  standardized  permanganate,  and  the 
factor  so  found  must  be  used  in  calculating  the, results  of  the  thiosulphate 
titrations  to  show  the  amount  of  the  standard  permanganate  solution  used^ 
and  thence  the  amount  of  oxygen  absorbed. 

Great  care  should  be  ttiken  that  absolutely  pure  and  fresh  distilled  water 
is  used  in  standardizing  the  solution,  which  should  also  be  kept  in  the  dark 
and  (!OoI.  It  suffices  to  compare  the  solution,  if  kept  in  this  way,  once  in 
three  or  four  duvs. 

The  amount  of  thiosulphate  solution  thus  found  to  be  required  to  combine 

with  the  iodine  liberated  b}'  the  permanganate  left  undecomposed  in  the 

water  is  not<}d  down,  and  the  calculation  made  as  follows : — Let  A  =  amount 

of  thiosulphate  used  in  distilled  water,  and  B  =  that  used  for  water  under 

examination.  Then  A  expresses  the  amount  of  permanganate  added  to  the  water 

under  examination,  and  B  the  amount  of  permanganate  in  excess  of  that  which 

the  organic  matter  in  the  water  has  destroyed.  Therefore  A — B  is  the  amount 

actually  consumed.     If  the  amount  of  available  oxygen  in  the  quantity  of 

permanganate  originally  added  be  a,  the  oxygen  required  to  oxidize  the 

(A  —  b)a 
organic  matter  in  the  water  operated  on  would  be         *        .    But  a  (available 

oxygen  in  the  10  c.c.  of  standard  permanganate  used)  =  0*031.     Therefore, 

A— BxOOOl  A— BxO-4 

X =  oxygen    for    250     c.c;    or, r = parts  of  oxygen 

required  for  100,000  parts  of  water.  Or,  in  other  words,  the  difference 
between  the  quantit}^  of  thiosulphate  u«ed  in  the  blank  experiment  and 
that  used  in  the  titration  of  the  samples  of  water  multiplied  by  the  amount 
of  available  oxygen  contained  in  the  permanganate  added,  and  the  product 
divided  by  the  volume  of  thiosulphate  corresponding  to  the  latter,  is  equal 
to  the  amount  of  oxygen  absorbed  by  the  water. 

Hardness  before  and  after  Boiling.— Place  100  c.c.  or  100  dm.  of  thfr 
water  in  an  accurately  stoppered  K-oz.  flask.  Run  in  the  soap  solution  fron^ 
a  burette  in  small  quantities  at  a  time.  If  the  water  be  soft,  not  more  than 
I  c.c.  or  dm.  at  a  lime  ;  if  hanl,  in  quantities  of  1  c.c.  at  first.  After  each 
addition,  shake  the  flask  vigorously  for  about  a  quarter  of  a  minut«.  Ah 
soon  !is  a  lather  is  produced,  lay  the  flask  on  its  side  after  each  addition,  and 
observe  if  the  lather  remains  permanent  for  five  minutes.  To  ascertain  this, 
at  the  end  of  five  minutes  roll  the  flask  half-way  round ;  if  the  lather  breaks- 
instead  of  covering  the  whole  surface  of  the  water,  it  is  not  permanent;  if 
it  still  covers  the  whole  surface  it  is  permanent;  now  read  the  burette. 

Repeat  the  experiment,  adding  gradually  the  quantity  of  soap  solution 
employed  in  the  first  experiment,  less  about  2  c.c.  or  2  dm. ;  shake  as  before, 
add  soap  solution  very  gnidually  till  the  ])ermanent  lather  is  formed  :  read 
the  burette,  and  take  out  the  corresponding  hardness  from  the  table.  If 
magnesiau  s:ilts  are  present  in  the  water  the  character  of  the  lather  will  be 
very  much  modified,  and  a  kind  of  scum  (simulating  a  lather)  will  be  seen 
in  the  water  before  the  reaction  is  completed.  The  character  of  this  scum 
must  be  airefully  watche<l,  and  the  soap  test  added  more  carefully,  with  an 
increased  amount  of  shaking  between  each  addition.  With  this  precivutien 
it  will  be  comparatively  easy  to  distinguish  the  point  when  the  false  lather 
due  to  the  magnesian  salts  ceases,  and  the  true  persistent  lather  is  produced. 

If  the  water  is  of  more  than  16^  of  hardness,  mix  50  c.c.  or  dm.  of  the 
sample  with  an  equal  volume  of  recently  boiled  distilled  water  which  has- 
been  cooled  in  a  closed  vessel,  and  make  the  determination  on  this  mixture 
of  the  sample  and  distilled  water.  In  this  case  it  will,  of  course,  be 
necessary  to  multiply  the  figures  obtained  from  the  table  by  2. 

To  determine  the  hardness  after  boiling,  boil  a  measured  quantity  of  the 
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i^Titcr  in  a  flask  briskly  for  half  an  hour,  adding  dintillcd  wator  from  time  to- 
time  to  make  up  for  Iosh  by  eva]K)ratio!i.  It  is  not  desirable  to  boil  the  water 
iinder  a  vertical  condenser,  as  the  dissolved  carboiiic  acid  is  not  so  freely 
liberated.  At  the  end  of  half  an  hour,  allow  the  wat<»r  to  cool,  the  mouth 
of  the  flask  bein^  closed ;  make  the  water  up  to  its  original  volume  with 
HM^ently  boiled  distilled  wat<?r.  and,  if  jwssible,  decant  the  quantity  necessary 
for  testing.  If  this  cannot  be  done  ijuite  clejir,  it  must  be  filtered.  Condu<^t 
the  test  in  the  sime  manner  as  described  above. 

The  hardness  is  to  bo  returned  in  each  case  to  the  nearest  half-detfree. 

Total  Sclkl  Hatters.-  Evaponitc  250  c.c.  or  ^i^ih  of  a  o^allon,  ii¥ 
a  weighed  {ilatinnm  dish  on  a  water  bath;  dry  the  residue  at  22<y  F. 
(IW  C),  and  cool  under  a  desiccator.  Weij^h  the  dish  containing  the 
residue  accurately,  and  note  it«  colour  and  appearance,  and  esi>€cially 
whether  it  mpidly  increases  in  weight.  Return  to  the  water  bath  for 
half  an  hour  and  re-weigh  until  it  ceases  to  lose  weight,  then  gradually 
heat  it  to  rcnlness,  and  note  the  changes  which  take  place  during  this 
ignition.  Ksi)eciall3'  among  these  changes  should  be  olwerved  the  smell,, 
scintillation,  change  of  colour,  separation  of  more  or  less  carbon,  and  partial 
fusion,  if  any.  The  ignited  residue  is  to  l)e  used  for  the  estimation  of 
phosphoric  aci<l,  as  lM>fore  direct<?d. 

ICioroscopical  Examination  of  Deposit- — The  most  convenient  plan 
of  collecting  the  deposit  is  to  place  a  circular  microscoj)ical  covering  ghi^s  at 
the  bottom  of  a  large  conical  glass  holding  about  20  oz.  The  glaits  should 
have  no  spout,  and  should  be  ground  smooth  on  the  top.  After  shaking  up 
the  sample,  this  vessel  is  filled  with  the  water,  covered  with  a  plat<)  of  ground 
gla.«*s,  and  set  aside  to  settle.  After  settlin»f ,  the  suiK.Tnatant  water  is  drawn 
off  by  a  fine  syphon,  and  the  glass  bearing  the  de]K)sit  lifted  out,  either  by 
means  of  a  platinum  wire  (which  should  have  l)een  ])reviously  jMissed  under 
it),  or  in  some  other  convenient  way,  and  inverted  on  to  an  ordinary 
micro.Hcopical  slide  for  examination.  It  is  desirable  to  examine  the  dejwsit 
first  by  a  j^th  an<l  then  by  a  ith  objective.  The  examination  should  be  made 
as  soon  as  the  water  has  stood  overnight.  If  the  water  be  allowed  to  stand 
longer,  orgjinisms  peruliar  to  stagnant  wat^r  may  be  developed  and  mislead 
the  observer.  Particular  notire  should  Ix?  taken  of  bicteria,  infusoria,  ciliata 
or  flagellata,  disintegrated  fibres  of  cotton,  or  linen,  or  epithelial  debrit. 

It  is  particularly  desirable  to  report  clwirly  on  this  microscopicjil 
examination ;  not  merely  giving  the  general  fact  that  organisms  wero 
present,  but  .stating  as  sjH?cifically  as  possible  the  names  or  cla.«»ses  of  the 
orgiuiisms,  so  that  more  data  may  be  obtained  for  the  application  of  the 
examination  of  this  deposit  to  the  characters  of  potable  waters. 

It  is  also  desirable  to  examine  the  residue  left  on  a  gla-ss  slide  by  the^ 
evaporation  of  a  single  drop  of  the  water.  This  residue  is  generally  most 
conveniently  examined  without  a  covering  glass.  The  special  appearances- 
to  be  noticed  are  the  presence  or  absence  of  particles  of  organic  matt4»r,  or 
organized  structure,  contained  in  the  crystallized  forms  which  may  be  seen  ; 
ami  also  whether  any  jMirt  of  the  residue  left,  especially  at  the  edges,  it* 
tinted  more  or  less  with  green,  brown,  or  yellow. 

Beportinff  the  Besults  of  Water  Analysis.— The  lleport  of  the* 
Committee  api>ointed  by  the  British  Association  to  confer  with  the  Committee 
of  the  American  Association  with  a  view  of  fonning  a  uniform  system  of 
recording  results  of  Water  Analysis,  B.  A.  Meeting,  1889  (Chem.  Npws. 
♦K),  203-204)  is  as  follows:  —  The  conunittee  recommend  a  system  of 
statement  for  a  complete  analysis  of  which  the  following  is  an  epitome. 
Results  to  be  expresse<l  in  jiarts  per  lOO.C(X).  In  a  potable  water,  the  number* 
to  be  given  in  the  following  order:  Total  solid  matters  (a)  in  suspension,. 
(b)  in  solution;  organic  carbon;  organic  nitrogen;  oxygen  consumed,  a» 


474  VOLUMETRIC  ANALYSIS.  §   93. 

indicated  by  decoloration  of  perman^nate;  ammonia  expelled  on  boiling 
with  Eodic  carbonate;  ammonia  expelled  on  boiling  with  alkaline  perman- 
ganate ;  nitrogen  as  nitrates  and  nitrites ;  chlorine ;  hardness-  temporary, 
permanent,  total.  In  a  mineral  water— carbonate  of  lime ;  carbonate  of 
magnesia;  carbonate  of  soda  (calculated  from  residual  alkalinity  after 
boiling  and  filtering  off  precipitated  CaCO^  and  MgCO*) ;  total  of  each 
of  the  following  elements — calcium,  magnesium,  potassium,  sodium,  iron 
(ferrous),  iron  (ferric),  and  each  of  the  following  radicles — sulphuric  (SO*), 
nitric  (NO*),  nitrous  (NO-),  phosphoric  (PO*),  silicic  (SiO*) ;  then  each  of 
the  elements — chlorine,  bromine,  and  iodine,  and  of  sulphur  as  sulphide. 
JDisaolved  goMes :  c.o.  at  0**  C.  and  760  m.m.  in  1  liter  of  winter.  Carbonic 
anhydride  (CO^) ;  oxygen ;  nitrogen ;  sulphuretted  hydrogen. 

They  consider  that  this  uniform  method  should  be  adopted  in  all  cases 
where  communications  come  before  learned  bodies  and  whenever  possible  in 
professional  practice ;  that  the  decimal  numerical  notation  is  to  be  preferred ; 
that  the  different  scales  for  potable  and  mineral  waters  suggested  by  the 
American  Committee  are  undesirable ;  that  all  results  obtained  by  calculation 
should  be  sharply  distinguished  from  those  obtained  by  direct  determination ; 
that  a  statement  of  mineral  constituents  combined  as  talit  is  not  to  be 
approved  of  unless  the  analytical  data  upon  which  it  is  based  are  clearly 
stated ;  that  the  American  Committee's  suggestion  of  recording  the  proportion 
of  each  element  of  binary  compounds,  and  recording  all  the  oxygen  in 
oxy-compounds  in  combination  with  the  negative  element,  as  indicated 
above,  is  the  most  convenient  for  all  purposes  of  calculation,  although  the 
want  of  a  name  for  these  negative  groups  and  the  custom  of  quoting 
metallic  elements  as  bases  are  objections  to  this  system ;  finally,  that  volumes 
of  dissolved  gases  may  be  given  as  above,  or  in  volumes  of  gas  i)er  100 
volumes  of  water. 

OXTQEK    DISSOLVED    IN    WATERS. 

§  93.  The  necessiiry  appamtiis  and  standard  solutions  for 
carrying  out  this  estimation  are  described  in  §  71  (page  269), 
together  with  the  methods  of  manipulation. 

The  interi)retation  of  the  results  iis  regards  i)olluted  waters,  as 
^^iven  l)y  Du])re,  may  l)e  summarized  as  follows : — 

The  method  depends  on  the  fact  that,  if  a  perfectly  pure  water  is 
once  fully  aerated,  and  then  kept  in  a  l)ottle  so  that  it  could  neither 
lose  nor  giun  oxygen,  it  would  remain  fully  aerated  for  any  lengtli 
of  time ;  l)ut,  on  the  other  hand,  if  the  water  contained  living 
organic  matters  capable  of  al)Sorl)ing  oxygen,  such  water  would  after 
a  period  of  time  contjxin  less  oxygen,  the  loss  so  found  being  taken 
as  the  metisure  of  impurity.  The  method  is  really  another  form  of 
xiscertaining  the  presence  of  genns  and  their  amount  in  (contrast  to 
the  method  of  cultivation  by  gelatine  and  microscoi)ic  analysis. 

The  practical  results  from  various  experiments  made  by  Dupru, 
and  reported  by  him  to  the  ^ledical  Department  of  the  Local 
Government  Board,  1884,  are  as  follows : — 

(1)  A  iivater  which  does  not  diminish  in  its  degree  of  aeration  during 
a  given  period  of  time,  may  or  may  not  contain  organic  matter,  but 
presumably  does  not  contain  growing  organisms.  Such  organic  matter 
therefore  as  it  may  be  found  to  contain  by  chemical  analysis  (permanganate 
or  otherwise)  need  not  be  considered  sis  dangerous  impurity. 

(2)  A  water  which  by  itself,  or  after  the  addition  of  gelatine  or  other 
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appropriate  cultivatiu|yr  matter,  consumes  oxygen  from  the  dissolved  air  at 
lower  temperatures,  but  does  not  consume  any  after  heating  for  Fay  three 
hours  at  60"  C,  may  bo  regarded  as  having  contained  living  organisms,  but 
none  of  a  kind  able  to  survive  exposure  to  that  temperature. 

(3)  A  water  which  by  itself,  or  after  addition  of  gelatine  or  the  like, 
oontinues  to  absorb  oxygen  from  it«  contained  air  after  heating  to  60*  C,  may 
bo  taken  as  containing  spores  or  germs  able  to  survive  that  temx)erature. 

The  exact  nature  of  organisms  differing  in  this  way  is  of  course 
not  revealed  by  the  metho<l.  Du pro's  conclusion  is,  that  in  the 
vast  majority  of  cases  the  consumption  of  oxygen  from  the  dissolved 
air  of  a  natural  water  is  due  to  growing  organisms,  and  that  in  the 
complete  al)sence  of  such  organisms  little  or  no  oxygen  would 
he  then  consumed. 

The  paper  is  accompanied  by  tables  of  results  of  analysis  by  this 
and  other  methods,  which  are  too  voluminous  to  insert  here. 

PrincipU  of  Ihe  method. — Dupre  states  that  a  water,  fully  aerated, 
contains  at  20**  C.  and  760  m.m.  pressure  0594  grain  of  oxygen  per  gallon, 
or  004158  gm.  per  liter.*  The  proiwrtion  varies  with  the  temperature  and 
pressure.    The  fonnula  given  })y  Bunsen  is  adopted  in  this  method — 

0=20225  j8;  and  j8=  00203 16 -0-00052887/+ 000001 IISC/^; 
where  a  is  the  co-eflicient  of  absorption  of  oxygen  in  cubic  centimeters, 
fi  the  co-eflicient  for  absorption  of  nitrogen,  and  t  the  temperature. 

The  variation  due  to  atmospheric  pressure  is  so  slight  that  it 
may  practically  be  disregarded.  The  composition  of  air  is  tiiken  as 
21  volumes  oxygen  and  79  nitrogen.  D u p re  adopts  the  temi)erature 
of  20°  C.  for  all  waters  luider  exi>eriment ;  and  as  a  rule  the 
samples  were  all  placed  in  an  a])propriate  l)ottle,  and  kept  at 
a  constant  temperature  of  20"  C.  for  ten  days  previous  to  the 
estimation  of  the  oxygen. 

The  maximum  degree  of  oxygen  which  a  pure  water  should 
contain  at  this  temperature  is  called  100,  and  any  less  degree  found 
on  analysis  is  recorded  as  a  i^rcentage  of  this  maximum. 

Procett:  The  sample  of  water  is  placed  in  an  ordinary  bottle,  and 
vigorously  shaken  to  ensure  full  aeration ;  after  standing  the  requisite  time 
it  is  poured  into  the  experimental  bottle,  and  the  estimation  of  oxygen 
carried  out  as  described  in  §  71. 

*  Rofiooe  and  Lunt,  aud  also  Dittmar,  show  by  their  exi)eriiuents  that  these 
figt^x'e"  ore  too  low. 
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Calculation  of  the  Besults  of  Water  Azialysis. 


§  95. 


Substance  estimated. 


CI 


i» 


N  M  HNO^ 
(Crum) 

NH'  copper-zinc 
or  aluminium 

Free  or  Alb.  NIP 


» 


>» 


i> 


O  absorbed    . 


M 


}} 


it 


Total  solids 


}> 


» 


Measure  of  water 
taken. 


100  c.c.  or  dm.  . 

140dm.(Ts'^-gal.) 
250  c.c. 
250  dm. 
350dm.y,pgal. 
100  c.c. 
50  c.c. 
150  dm. 
100  dm. 

500  c.c. 

700  dm. 

250  cc. 


350  dm. 

250  c.c. 
350  dm. 


Volume  or  weii^ht 
obtained  or  used. 


C  c  c.  or  dm.  stan 
*(  dard  AgNO* 
dm.     „      „      „ 
c.c.  of  NO 


>  ! 


Factor  for  grains  per 
gallon. 


0*7       =C1 


>i 


>} 


t» 


>» 


grams  of  NH^ 

»        »» 
grains  of  NII^ 


Sf 


ii 


f  c.c.  standard 
(     NH^Cl 
dm. 


» 


a 


» 


C  10, 15,  or  20  c.c. 
^     permanganate 

(  10, 15,  or  20  dm. 
^     permanganate 

grams 
grains 


\ 


X 
X 
X 

X 
X 
X 
X 
X 


X 
X 


0-5 
0175 
0*27 
0193 
576-45 
11529 
38  43 
57-64 

c         00014= 

(         00-1 
X  0  28(lorr 

X  0-02(1  or  1 

2800 
200 


CI 

=  N 
'N 
•N 

:N 
:N 

N 

:N 

NH=» 


Nir 

5  or 

O 

5  or 
O 


CoefQ-cients  and  Loeraritlims  for  Volumetric  Analysis. 
Normal  IPSO* 


Normal  II  CI 
Normal  HNO'' 

Normal  H-C-0* 
Normal  Acid 


Coefficieuts. 
1  c.C.=0  040 

„        r:^04S 

„     =0040 
1  c.c.=^003fi5 

„     =00355 
1  c.c.=0OG3 

„     =0002 

„     =0054 
1  (•.c.=0063 

„     =0045 
lc.c.=0  0J7 
==0035 
=0101 
=0C37 
=0028 
=005 
=00855 
=01575 
=00085 
=002 
=0-042 
=0050 
=0000 
=0-188 


gm. 


» 

» 

}> 

» 
>» 
>» 
>» 


a 
a 
a 

» 

>i 

J3 
ti 

a 
>i 
»» 
n 
i» 
»> 
*j 
j» 
jj 

» 


IPSO^ 

so* 

S03 

HCl  ... 

01      

HNO* 

NO^ 

N-O^ 

H"C-0*,  20H2 

H-C*20* 

NH^ 

NH*HO 

Na-B-O'lOU'O 

Oa2HO 

CaO 

CaC03 

BaH*02        ... 

BaH20-8H^0 

BaCO^ 

MgO 

MgC03 

KHO 

K-C03 

KHC*HW... 


Logarithms. 
2G0O1961 
2-6812412 
2-6O20GOO 
2-5622929 
2-5502284 
27903405 
2-7023917 
2-7323938 
2-7993405 
2-6532125 
2-2304489 
2-5440680 
1-2810334 
2-5682017 
2-4471580 
2-6989700 
2-9319661 
1-1972806 
29934362 
2-3010300 
2-6232493 
2-748188(> 
2-8388491 
I-274l57a 


•  A=c.c.  or  dm.  of  thiosulpbate  solution  corresponding  to  10  c.c.  or  dm.  of  i)erman- 
gannte.  D— c.e.  or  dm.  of  thiosulpbate  solution  used  after  the  time  of  reaction  is 
comi;lete. 


§  9a 

C0EFF1CIKNT8. 

4T7 

CoolllrieDU. 

NonnU  Acid 

lc..-,--0-102       gm.  K'C'H'O'    ... 

.     I008G002 

„    .-  O'oas 

KCHK*:     ... 

.    2-9ni22<il 

„     ^0141 

KNiCHH)* 

.      1- 141)21  !)1 

„    --ii-trt 

XiiHO 

.    Siioaoooo 

„      .  0-C53 

Xa'CO'        ... 

.     2-724!759 

„     '0-lW 

Na^cmoHH) 

.      M553(l«> 

„     =0084 

NalICO"     ... 

.      20'427!'3 

Normal  NaHO 

1  c.C.=l>O10 

X»HO 

.     2r>020G0O 

.,   ^ovn 

Na'O 

.     24913017 

NonnsI  KlIO 

J  C'.r-OIKH; 

KUO 

.     2-74818S0 

„     =U047 

K*0 

.    2(1720970 

NoriiBl  Na>CO> 

lc,(.-.=0063 

Nii-CO'        ... 

.     27K4!76!l 

..       r-.-0-C'.IO 

(ifi 

.     2  4771213 

„    =  uoaa 

CO' 

3424227 

Nonn.lAlt«U 

lc.p--00(i 

lIf>H>0'    ... 

'778IS13 

„     ^-  0  07 

li'C'U'O^U-O 

H4Q0D80 

003C5 

lit! 

SS229E9 

„     --008U8 

HH' 

.     2  0074114 

„     =0-01  !8 

H[ 

.     11072100 

„    =fr06.3 

UNO" 

.     2-7i)93-106 

„      =0M>W 

H:W0' 

.    2iinoinGi 

„    ^OWo 

ir-cn'o*  ... 

.     287S0C13 

■  Silnt 

lr.i-.-T00108 

Ak 

.     20334238 

„     "0-017 

AK^Cfi         ... 

.     2-2304189 

„     -.000355 

a    

,     :i-56022»4 

„    .-  O-OOMS 

NU'a 

.-  37283538 

„      -000746 

KCl 

.   aH72iwa 

„     ^OOll!) 

KBr 

.     3-O7B6470 

„    -00103 

NiiUr 

.     20128372 

..     ^  OOOCl 

Nu-HA»0*  ... 

.     ^■'»tll800 

lo.o.  -00032 

SO" 

.     3-5051600 

„     —00041 

11=80' 

,     ni!127833 

„     -OOOk'ffi 

.\iW 

.     3-13946052 

„     ■■  .0024S 

NaWCr.H'O 

..     2.TO44B17 

„    .^ooiaii 

,Nft=SO»7H=0 

.    2-1003705 

,.      -OOOll? 

K'SCaU'O 

.    a-!i8»7717 

,",  Diohromato 

Jr,-.r...004j(i 

FpSO* 

.     2(;58!Kr48 

„    =^o-osi 

Tc'SO'U-O... 

.     2-7076702 

„    -00840 

I'i-80*7H=0... 

.     2i)28.'M>77 

„    ^00348 

IVCO' 

.     2  5416792 

„    =00896 

F.«>< 

.     2-8.I2C0M 

,.    ^00216 

FoO 

.     2334463B 

lc.<'.=00248 

Sudio  tliiiigulphatc 

.     2-.'J0446l7 

„     .--00127 

I       

.     21038037 

„    -  -000355 

CI      

.     .15602284 

„     =^  00080 

Ur    

.     3nO3O0OO 

Ciix-IUM  (Ca=40) 

0        

.     fl-4171680 

=00050  gm.  Ca 

CO>     

.    .l-r,9fiWoo 

=0'008C  KTO.  Oi 

iSO",  20U'     ... 

.     .11044.986 

normal  oxalic  nl^id-^0-0-J60  gm 

.CaO 

.     2H71580 

CryKt.  oxaliu  and 

0  4-W    ^CiiO 

.     I-(i4738.10 

Double  irou  sail  x007143^CaO 

.     3  8536807 

CHLOBI»B<{'l-a5  3 

71 

1  C.C,  i"b  silvM  hulution^OOOaj.lT  Km. 

CI         

.     .t-548rhl51 

=0-006837  Km. 

NaO     

,     a-|JlllS97 

CTUuMulphatesotut 

.     3548<i361 
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Chbomium  (Cr=52-4) 
Metallic  iron  x  0-3123  =Cr 

x0'5a81=CrO3 
x0'8784=K*CrO7... 
X1-92G  =PbCrO*  ... 
Double  iron  salt  x  0'0446=Cr 

x0-0854=CrO3  ... 
X  01266=K2CrO'' 
X0275  =PbCrO^ 
1  c.c.  tir  solutiou=0003349  gm.  CrC 

=000492  gm.  K'CrO' 


It 


j> 


a 


COPPKE  (Cu=(J3) 

1  c.c.  xV  soliition=:00063  gm.  Cu 

Ironx  l-125=copper         

Double  iron  salt  x  O'1607=copper 

Cyanogen  (CN=26) 

1  c.c.  tV  silver  solution^)0052      gm.  CN 

=00054      gm.  HCN 

=001302    gm.  KCN 

I'V  iodine  =0003255  gm.  KCN 


ft 


PoTAssic  Fereocyanide  (K^FeCy«,  30H==422) 

Metallic  iron      x  7"541^cryst.  i)otassic  ferrocj-anidc  ... 
Double  iron  salt  x  1-077=    „ 


it 


J) 


Potassic  FfiRBiCYANiDE  (K''Fe2Cy»==658) 
Metallic  iron       x  5*88    =potassic  ferricyanide 
Double  iron  salt  x  1*68    =^ 
^  tbiosulphate  x 00329= 


» 


Gold  (Au=10G-5) 

1  c.c.  normal  oxalic  acid=0*0G55  gm.  gold        

Iodine  (1=127) 
1  c.c.  /V  tliiosulphate=0*0127    gm.  iodine       

Iron  (Fe^56) 
1  c.c.  yV  pcnuanganato,  bichromate,  or  tbiosulplitito 

=00050 
=00072 
=00080 


ft 


19 


it 


If 


Fe 
FeO 


Lead  (Pb=20G-4) 

1  c.c.  vff  permanganate  =0'01082  gm.  lead 
1  c.c.  normal  oxalic  acid  =0' 1032  gm.  lead 

MetiUlic  iron        x  1*842;^ lead    

Double  iron  salt  X  0'263=lead     

Manoane.se  (Mn=55) 

MnO=71.    MnO*=87. 

Metallic  iron X 0491     =Mn        

„  xO'63393=MnO     

XO-77G8  ^MnO- 

Double  iron  salt  x  0'0911=MnO 

xOlll  =MnO- 
Cryst.  oxalic  acid  x  0-G91G=MnO- 
1  c.c.  yV  solution=000355  gm.  MnO     ... 

=000485  gm.  MuO-  ... 


t> 


*t 


§  93. 

Logarithms. 
1-4945720 
1-7767738 
1*9436923 
0-2846563 
2-G493349 
2-9314579 
1-0986437 
1*4393827 
3-5249151 
3-6919651 


3-7993405 
00511525 
I-20G0159 


3-7160033 
37323938 
2114G110 
3-5125510 


0-8774289 
00322157 


0-7603773 
0-2253093 
2-5171951> 

2-8162413 
2-1020905 


.'5-74818SO 
.'5  8573325 
3-9030900 


2-0136797 
I-('1.S»;797 
0-2G5:80G 
1-4199557 


I-G910S15 
1-8020413 
1*8903092 
2-9595181 
1-0453230 
1*8398550 
3-5502284 
3-6384893 
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Mebcubt  (Hg=200) 

Double  iron  salt  X  0*5l04=Hjf 

xO'8914=HgOT  

1  c.c.  XT  8olution=00200  gm.  Hg  

„  „        =00208  gm.  Hg^O      

„  „       =00271  gm.  HgCl*     

NiTBooEN  AS  Nitrates  and  Nitbitbs  (N'0*=108.    N-0' 
Normal  acidx005'iO=N2O*       

x01011=KNO' 

Metallic  iron  xO'3750=HNO' 

x  0'6O18=KNO=» 

x0-3214=NW       


LojrartthmR. 
1-7079107 
1-8397294 
2-3010300 
2-3180G3» 
2-432969a 


=7G) 


ft 


Silver  (Ag=107-GC) 

1  c.c.  tV  NaCl=0-010766  gm.  Ag 

=0016966  gm.  AgNO* 


» 


Sulphuretted  Hydrogen  (H*S=34) 

1  c.c.  ^  arsenious  8olution=0*00255  gm.  H-S 

Tin  (Sn=118) 

Motallic  iron  x  l'0536=tin  

Double  iron  salt  X  0*1 505— tin      

Factor  for  W  iodine  or  permanganate  solution  00059... 

Zinc  (Zn=65) 

Metallic  iron  X  0'5809-=Zn  

„         X  0*724  =ZnO        

Double  iron  salt  X  0'08298=Zn 

„  X  01034  =ZnO 

1  c.c.  y,r  solution=0-00325  gm.  Zn         


2-732393^ 
1-0047512 
I-57403ia 
1-7794522 
1-6070459 


...     2'03205U 
...    2229579^ 

...     3-4065402 


0022675a 
11775305 
3-770852a 


1-7641014 
18597386 
2-9181>734 
1-0145205 
3-5118834 
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PART  VII. 


VOLUMETRIC   ANALYSIS   OF  GASES. 


r\ 


'Description  of  the  necessary  Apparatus,  with  Instructions  for 

Freparinff,  Etching,  Ghraduatinff,  etc. 

§  94.  This  branch  of  chemical  analysis,  on  account  of  its 
-extreme  accuracy,  and  in  consequence  of  the  possibility  of  its 
ai)plication  to  the  analysis  of  carbonates,  and  of  many  other  bodies 
from  which  gases  may  be  obtained,  deserves  more  attention  than 
it  has  generally  received,  in  this  country  at  least.  It  will  therefore 
be  advisable  to  devote  some  considerable  space  to  the  consideration 
xof  the  subject. 

For  an  historical  sketch  of  the  ])rogress  of  gas  analysis,  the 
reader  is  referred  to  Dr.  Frank  land's  article  in  the 
Haiuhcoiierlmch  der  CJiemie,  and  more  complete  details 
of  the  process  than  it  will  be  necessary  to  give  here  will 
be  found  in  that  article;  also  in  Bun  sen's  Gasomeirij 
and  in  Dr.  RusselTs  contributions  to  Watt's  Chemical 
Dicfhnary. 

The  apparatus  employed  by  Bunsen,  who  was  the  first 
successfully  to  work  out  the  processes  of  gas  analysis,  is 
very  simple.  Two  tulxjs,  the  absorption  tube  and  the 
eudiometer,  are  used,  in  which  the  measurement  and 
analysis  of  the  gases  arc  performed.  The  first  of  these 
tul>es  is  about  250  m.m.  long  and  20  m.m.  in  diameter, 
closed  at  one  end,  and  with  a  lip  at  one  side  of  the  open 
extremity,  to  facilitate  the  transference  of  the  gas  from  the 
absorption  tube  (tig.  64)  to  the  eudiometer  (fig.  65).  The 
eudiometer  has  a  length  of  from  500  to  800  m.m.,  and 
a  diameter  of  20  m.m.  Into  the  closed  end  two  i)latinum 
wires  are  sealed,  so  as  to  enable  the  operator  to  pass  an 
electric  spark  through  any  gas  which  the  tube  may  contain. 
JJ=s^  The  mode  of  sealing  in  the  platinum  wires  is  as  follows: — 
When  the  end  of  the  tulje  is  closed,  and  while  still  hot, 
^^'  '  a  finely  pointed  blowpipe  flame  is  directed  against  the 
side  of  the  tube  at  the  base  of  the  hemispherical  end. 
When  the  glass  is  soft,  a  piece  of  white-hot  platinum  wire  is 
pressed  against  it  and  rapidly  drawn  away.  By  this  means 
a  small  conical  tube  is  produced.  This  operation  is  then  repeated 
on  the  opposite  side  (fig.  66).  One  of  the  conicid  tubes  is  next 
cutoflf  near  to  the  eudiometer,  so  as  to  leave  a  small  orifice  (fig.  67), 
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through  which  a  piece  of  the  moderately  thin  platinum  wire,  reaching 
about  two-thirds  across  the  tube,  is  pas.Hed.  The  fine  blow-pi|jc 
flame  is  now  brought  to  play  on  the  wire  at  the  point  where  it  enters 
the  tube  ;  the  glass  rapidly  fuses  round  the  wire,  making  a  perfectly 
gas-tight  joint  If  it  should  be  observed  that  the  tube 
has  any  tendency  to  collapse  during  the  heating,  it  will 
be  necessary  to  blow  gently  into  the  open  end  of  tlie  tube. 
This  may  be  conveniently  done  by  mcjans  of  a  long  piece 
of  caoutchouc  connector,  attached  to  the  eudiometer, 
which  enables  the  operator  to  watch  the  effect  of  the 
blowing  more  easily  than  if  the  mouth  were  applied 
dire(*tly  to  the  tube.  When  a  jK'rfect  fusion  of  the  glass 
round  the  wire  has  been  effected,  the  \mut  on  the  opposite 
side  is  cut  off,  and  a  second  wire  sealed  in  in  tlie  same 
manner  (fig.  68).  The  end  of  the  tube  must  be  allowed 
to  cool  very  slowly ;  if  i)r()per  attention  is  not  i>aid  to 
this,  fracture  is  very  liable  to  ensue.  When  {lerfectly 
cold,  a  piece  of  wooil  with  a  rounded  end  is  passed 
up  the  eucliometer,  and  the  two  wires  carefully  pressed 
against  the  end  of  the  tube,  so  as  to  lie  in  contact  with 
tlie  glas.s,  with  a  sj)ace  of  1  or  2  m.m.  l>etween  their 
I)oints  (fig.  G9).  It  is  for  this  purpose  that  the  wires, 
when  scaled  in,  are  ma<le  to  reach  so  far  across  the  tube. 
The  en<ls  of  the  wires  projecting  outside  the  tube  are 
then  bent  intr)  loops.  These  loojw  must  be  carefully 
treated,  for  if  fre<[uently  bent  they  are  very  apt  to  break 
off  close  to  the  glass ;  besides  this,  tlie  bending  of  tlic 
wire  sometimes  causes  a  minute  crack  in  the  gljiss,  which 
may  sj)rcad  and  endanger  the  safety  of  the  tul^e.  These 
<lif!iculties  may  be  overcome  by  cutting  off  the  wire  close 
to  the  glass,  and  carefully  snio<jthing  the  ends  by  rubbing 
them  with  a  piece  of  ground  glass  until  they  arc  hivel 
with  the  surfiU'c  of  the  tul)e  (fig.  70).  In  order  to  make 
contact  with  the  induction  coil,  a  wotnlen  American  pai)er- 
clip,  lined  with  i)latinum  foil,  is  made  to  grasp  the  tube ; 
the  foil  is  connected  with  two  strong  loops  of  platinum 
wires,  and  to  these  the  wires  from  the  coil  are  attiched 
(fig.  71).  In  this  way  no  strain  is  put  on  the  eudioniet^ 
w^ircs  by  tlu?  weight  of  the  wires  from  the  coil,  and 
perfect  contact  is  ensured  between  the  foil  and  jJatinum 
wires.  It  is  also  easv  to  clean  th(j  outsiile  of  the 
eudiometer  without  fear  of  injuring  the  instrument. 

It  will  now  be  necessary  to  examine  if  the  glass  is  perfectly 


fuse* I  to  the  wire^s.      For  this  purpose  the  eudiometer  is  Fi>?.  65, 
filled  with  mercury,  and  inverted  in  the  trough.      If  the 
tube  has  800  m.m.  divisions,  a  vacuous  sjiace  will  be  formed  in  the 
upper  end.     Note  the  height  of  the  mercury,  and  if  this  remains 
constant  for  a  while  the  wires  are  properly  sealed.     Should  the 
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eudiometer  he  short,  hold  it  in  the  hauds,  and  hring  it  down  with 
a  quick  movement  ujjon  the  edge  of  the  india-ruhher  cushion  at 
the  l)ottom  of  the  trough,  taking  care  that  the  force  of  impact  is 
sHght,  else  the  mercury  may  fracture  the  sealed  end  of  the  tube. 
By  jerking  the  eudiometer  thus,  a  momentary  vacuum  is  formed, 
and  if  there  is  any  leakage,  small  hubbies  of  air  will  arise  from  the 
junction  of  the  wires  with  the  glass. 


Fig.  6G. 


Fig.  67. 


Fig.  68. 


Fig.  G9. 


"    UIiBi  ~^^^^^^^B.   IBHHj 


Fig.  70. 


Fi^.  71. 


The  tubes  arc  graduated  l)y  the  following  processes : — A  cork 
is  fitted  into  the  end  of  tlie  tul)e,  and  a  piece  of  stick,  a  iile,  or 
anytliing  that  will  make  a  convenient  liandle,  is  tlmist  into  the 
cork.  The  tub(;  is  heated  over  a  charcoal  fire  or  combustion  furnace, 
an<l  coated  with  melted  wax  by  means  of  a  camel's-hair  brush. 
Sometimes  a  few  drops  of  turpentine  are  mixed  with  the  wax  to 
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i^pikUt  it  less  brittle,  but  tins 
cooling  it  sliaiilil  In-  foiiii<l  thnt 
the  loyer  of  wax  iti  not  unifoiin, 
thi!  tiilx>  inny  lie  jiliicud  in 
a  I>er]icii<liculiir  ])08itiuii  liufore 
11  tire  .111(1  slowly  rotat'.-d  tv>  iis 
to  lient  it  evfiily.  The  wax  will 
then  1io  i^vcnly  iltstrilmted  on 
the  ^uirfikcc  of  tlic  fjloss,  the 
excess  llowiiig  iitV,  The  tulw 
must  not  Ih)  mi^'il  tu  Uio  liit;h 
11  teniiwmture,  ur  the  wiix  may 
Ijwome  tiio  thill ;  hut  all  thit-k 
niiisMes  sliotild  ho  nvoiilml,  as 
they  iiiiiy  [irove  trouhleisuiiic  in 
the  siihiHS|uent  inierntii)n. 
The  Iwst  »nil  most  aceuratc 
•xle  of  murkiiiK  the  tnillin 


•livi>« 


the 


I   the 
niHhtreilgf 


rif;ht-hanil 
liiRitus  (lit;. 
u-,1  lul«-  is 
.T  Hi.i  of  th 


nd     of    the 


th>'     alteriKiU- 


V'ligfr 
oiifs  (fi^'.  7 


lotehei 


I  not  always  necessary.     If,  on 


hy 


II  ttradtiating  niai-hiue;  hut  the 
mori'  itMiid  iiroci-ss  is  to  cciiy 
the  pitduiititins  fioiti  aii<itli(-r 
tube  in  the  following;  manner. 
A  hanl  yliiss  tulM',  on  whieli 
millimeter  divisions  have  al-  . 
ady  been  tlei-jtly  et-'hed, 


llse.I  i; 

•liiatinj{  tithle,  ii 

of  brass  being  h 


ends  of  the  lines.  The  standanl 
I'  Hunt 


■>).        The 
eured  at  the 

name  groove, 
aljiive    It    are    tix-'d  two 
jilates,  one  with  a  straif^ht- 
and     the    otiier    with 


,  the  intermediate 
73).  A  stmit  rod  of 
wiHKl  ]ni>videil  with  a  shiir|i 
steel  {loint  near  one  end,  and 
a  (leiiknife  hliide  at  tlie  other 
<tiK.  74),  is  held  so  that  the 
steel  jiutnt  rcsbi  in  one  of  the 
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divisions  of  the  graduated  tube,  being  gently  pressed  at  the  same 
time  against  the  edge  of  the  brass  plate ;  the  point  of  the  knife- 
blade  is  then  moved  by  the  operator's  right  hand  across  the  portion 
of  the  waxed  tube  which  lies  exposed  between  the  two  brass  plates. 
When  the  line  has  been  scratched  on  the  wax,  the  point  is  moved 
along  the  tube  until  it  falls  into  the  next  division ;  another  line  is 
now  scratched  on  the  wax,  and  so  on.  At  every  fifth  division  the 
knife-blade  will  enter  the  notches  in  the  brass  plate,  making 
a  longer  line  on  the  tube.  After  a  little  practice  it  will  be-  found 
easy  to  do  fifty  or  sixty  divisions  in  a  minute,  and  with  perfect 
regularity.  Before  the  tube  is  removed  from  the  apparatus,  it  must 
be  carefully  examined  to  see  if  any  mistake  has  been  made.  It 
may  have  happened  that  during  the  graduation  the  steel  point 
slipped  out  of  one  of  tlie  divisions  in  the  standard  tube ;  if 
this  has  taken  place,  it  will  be  found  that  the  distance  between 
the  line  made  at  that  time  and  those  on  each  side  of  it  will 
not  be  equal,  or  a  crooked  or  double  line  may  have  been  produced. 
This  is  easily  obliterated  by  touching  the  wax  with  a  piece  of  heated 
platinum  wire,  after  which  another  line  is  marked.  The  tube  is 
now  taken  out  of  the  table,  and  once  more  examined.  If  any 
portions  of  wax  have  been  scraped  off  by  the  edges  of  the  apparatus, 


Fig.  75. 

or  by  the  screws,  the  coating  must  be  repaired  with  the  hot 
platinum  wire.  Numbers  have  next  to  be  marked  opposite  each 
tenth  division,  beginning  from  the  closed  end  of  the  tube,  the 
first  division,  which  should  be  about  10  m.m.  from  the  end,  being 
marked  10  (see  fig.  69).  The  figures  may  be  well  made  with 
a  st^el  pen.  This  has  the  advantage  of  producing  a  double  line 
wlien  tlie  nib  is  pressed  against  the  tube  in  making  a  down-stroke. 
The  date,  the  name  of  the  maker  of  the  tube,  or  its  number, 
may  now  be  written  on  the  tube. 

The  etcliing  by  gaseous  hydrofluoric  acid  is  performed  by 
su])porting  the  tube  by  two  pieces  of  wire  over  a  long  narrow 
leaden  trough  containmg  sulphuric  acid  and  powdered  fiuor-si)ar 
(fig.  75),  and  the  whole  covered  with  a  cloth  or  sheet  of  paper. 
Of  course  it  is  necessary  to  leave  the  cork  in  tlie  end  of  the  tube 
to  prevent  the  access  of  hydrofluoric  acid  to  the  interior,  which 
might  cause  the  tube  to  lose  its  transparency  to  a  considerable 
extent.  The  time  required  for  the  action  of  the  gas  varies  with 
the  kind  of  glass  employed.  With  ordinary  flint  glass  from  ten 
minutes  to  half  an  hour  is  quite  suflicient ;  if  the  leaden  trough  is 
heated,  the  action  may  take  place  even  still  more  rapidly.     The 


g  94. 


APPARATUS  FOR   ANALYSIS    OF  OASES. 


485 


tube  ia  removed  from  time  to  time,  and  a  aniall  portion  of  the 
was  acra|>ed  off  from  a  part  of  one  of  the  lines  ;  and  if  tlie  diviBion 
can  be  felt  with  the  tinget-nail  or  the  point  of  a  knife,  the 
operation  is  tinjshett ;  if  not,  the  wax  niuat  be  replaced,  and  the 
tube  restored  to  the  trough.  When  sufficiently  etched,  the  tube 
is  washed  with  water,  licated  before  a  fire,  and  the  wax  wiped 
off  witli  a  warm  cloth. 

Th4  etching  may  also  be  effected  with  liquid  hydrofluoric  acid, 
by  applying  it  to  the  divisions  on  tlie  waxed  tube  with  a  brush, 
or  by  placing  the  eudiometer  in  a  gutta-percha  tube  closed  at  one 
j!nd,  and  containing  some  of  the  liquid. 


Pis-  76. 


Pig.  77. 


As  all  glass  tubes  are  liable  to  certain  irregularities  of  diametef, 
it  follows  that  e<]ual  lengths  of  a  graduated  glass  tul)0  will  not 
contain  exactly  e<|ual  volumes ;  hence  it  is,  of  course,  im{)0S3il)le 
to  obtain  by  measurement  of  length  the  ra]>acity  of  the  closed  end 
of  the  tube. 

In  order  to  provide  for  this,  the  tube  must  be  carefully  calibrated. 
For  tliis  purpose  it  is  supported  vertically  (fig.  76),  and  successive 
(pinntities  of  mercury  ))Oured  in  from  a  measure.  This  measure 
should  contain  about  as  much  mercury  as  ten  or  twenty  divisions 
of  the  eudiometer,  and  is  made  of  a  piece  of  thick  glass  tube, 
closed  at  one  end,  and  with  the  edges  of  the  open  end  ground 
perfectly  flat.     The  tube  is  fixed  into  a  piece  of  wood  in  order  %o 
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avoid  heating  its  coiitonU  during  tlie  manipulation.     The  measure 
may  be  filled  with  mercury  from  a  vessel  elosed  with  a  stop-cock 
tertninittiu;{  in  a  natrow  vertical  tube,  which  is  passed  to  ths  Imttoin 
ol  the  measure  (fig.  77),      Ou  carefully  opeuinf;  the  slop  cot-k  the 
mercury  tiows  into  the  menauro  without  leaving  any  air-bulibles 
atllieriot;  to  tlie  sides.     A  glass  plate  is  now  pressed  ou  the  ground 
edgeR  of  tlio  tube,  which  i>spels  the  excess  of  mercury  and  leaves  i 
the  measure  entirely  tilled.      The  mercury  may  he  introduce'd  into! 
the  measure  in  a  manner  which  is  Bim]>ler  and  as  effectual,  though  ^ 
perhaps  not  quite  so  convenient,  hy  first  closing  it  with  n  g' 
plate,  and  depressing  it  in  the  mercurial  trongh,  removing  the  platfr  I 
from  the  tube,  and  again  rejilacing  it  Iwfore  raising  the  measur»  J 
above  the  surface  of  the  mercury.      After  pouring  each  measured'  I 
(luantity   of  mercury  into   the   oudioroetur,   the  air-bubbles  a»  \ 
uarefolly  detached  from  tiie  sides  hy  means  of  a  thin  wooden  rod 'I 
or  piece  of  whalebone,  and  the  level  of  the  niL-rcury  at  the  highest  -| 
jiurt  of  the  curved  surface  carefully  olwetved. 

In   nil    meusureuiunta  

in  gas  analysis  it  is,  »f 
course,  essential  that  the 
eye  should  be  exactly  on 
a  level  with,  the  surface 
of  tlio  mercury,  for  the 
(larallax  ensuing  if  this 
wore  not  the  ease  would 
pTorluec     grave      errors 
in    the    readings.     Tlio 
placing  of  the  eye  in  tlio 
projMjr  position  may  be 
ensured  in  two  ways.    A 
email  piece  of   looking- 
glass  (the  back  of  which 
is    painted,    or    covered 
with  paper  to  prevent  the 
accidental  soiling  of  t!ie 
mercury  in  the  ti'ough)iB 
placed  behind,  and  in  contact  with  the  eudiometer.     The  hand  ivj| 
now  placed  in  such  n  position  tliat  the  reflection  of  Uie  pupil  oEI 
the  eye  is  precisely  on  a  level  with  tlie  surface  of  the  metctirj-  inil 
the  tube,  and  the  measurement  made.     As  this  process  necessitates! 
the  hand  of  the  ojJoratMr  licing  placed  near  the  eudiometer.  whieh( 
might  cause  Uio  warming  of  the  tube,  it  is  preferable  to  rend  o 
wiSi  a  telescope  jilaced  at  u  diatiiuee  nf  from  t\vo  to  six  feet  fro 
the  eudiometer.      The  telescope  is  fixed  on  a  stand  in  a  horizont^ 
position,  and  tlie  support  is  made  to  slide  on  a  vertical  rod. 
iini^c  of  the  surface  of  the  mercury  is  brought  lo  the  centre  d 
the  field  of  the  telescope,  indicated  by  the  cross  wires  in  the  6  ' 
piece,  and  the  reading  taken.      Tlic  telescope  has  the  advantage  d 
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magnifying  the  graduations,  and  tlms  facilitating  the  estimation 
l)y  the  eye  of  tenths  of  the  divisions.  Fig.  78  represents  the 
appearance  of  the  tuhe  and  mercury  as  seen  hy  an  inverting 
telescojw. 

By  this  metlKxl  the  capacity  of  the  tuhe  at  different  parts  of  its 
hMigth  is  determined.  If  the  tube  were  of  unifonn  bore,  each 
measure  of  mercury  wouM  (K-cupy  the  same  lengtli  in  the  tube ; 
but  as  this  is  never  the  case,  the  vahic  of  tlie  <livisions  at  all  parts 
of  the  tube  will  not  be  found  to  be  tlie  same. 

From  the  datii  obtained  by  measuring  the  space  in  the  tube 
which  is  occupied  by  equal  volumes  of  mercury,  a  table  is  con- 
structed by  which  the  comparative  values  of  each  millimeter  of  the 
tube  can  be  found.  The  following  results  were  obtained  in  the 
calibration  of  a  short  absorption  eudiometer: 

On  the  introdiictioii  of  the  3nl  volume  of  mercury,  the  rcudinif  wan  12*8  m.ni. 
It  »f  t»       "^^h  ,,  ,,  18'4 

„       Mh  „  „  240 

II  ti  11        '"*  »i  »•  3o*i. 

,.       Sth  „  „  41-0 

TliuH,  the  Htamlard  volumes  occupie<l  5*<>  ui.m.,  l>ctTveen  12"8  and  IX'4 

o«  ..        H-4    ..    240 


5-H  „       24U   !!    29« 

,,        •>*4  II       jy*"   ,1   tio"— 

5-8  „        :tt-2    „    410 


If  we  assume  the  measure  of  mercury  to  contain  5-8  volumes 
(the  greatest  difference  l>etween  two  consecutive  readings  on  the 
tube),  the  volume  at  the  six  points  above  given  will  be  as  follows  : — 

At  12-8  it  will  be  17-4  or  58x3 


18-4 

23-2 

„   rr8x4 

24-0 

29-0 

„   5-8  X  5 

29-8 

34-8 

„   5-8x0 

35-2 

40-6 

„  r)8x7 

410 

40-4 

,.    rySxi< 

IJetween  the  llrst  and  second  readings  these  5*8  volumes  are  con- 
tained in  5*G  divisions,  ccmsei^uently  each  millimeter  corresi)onds  to 

5*8 

s  A  =  1  '0357  vol.    This  is  also  the  value  of  the  divisions  between  the 

0*6 

sec(jnd  and  third  readings.      IJetween  i\u)  third  and  fourth  1  m.m. 

contains   1   vol.  ;  between  the  fourth    and  lifth,  1  m.m.  contiiins 

1.  ,=1-0741  vol.  :  and  between  the  fifth  and  sixth  m.m.  =  l  vol. 
5*4  ' 

From  these  data  the  value  of  each  millimeter  on  the  tube  can 

readilv  be  calculated.     Thus  13  will  contain  the?  value  of  12*8  + 

the  value  of  0-2  of  a  division  at  this  part  of  the  tuln?,  or  17*4  + 

(1*0357  X  0-2)  ==  17-60714.     There   is,    however,   no  need  to  go 

beyonil  the  second  i)lace  of  decimals,  and,  for  all  pmctiad  puri)oses, 

the  iirst  place  is  suihcient.     Thus,  by  adding  or  subtracting  the 

necessary  volumes  from  tluj  experimental   nundjei-s,  we  find  the 
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values  of   the  divisions   nearest  to  the  six    points  at  which  the 


leadings  were  taken  to  be — 


13=17-61  or  17-6 
18: 

30 

35: 
41: 


:22-79 
:29-00 
:35-00 
:40-38 
=46-40 


>> 


n 


>> 


>> 


)) 


22-8 
29-0 
35  0 
40-4 
46-4 


In  a  precisely  similar  manner  the  values  of   the  intermediate 
divisions  are  calculated,  and  we  thus  obtain  the  following  table  : — 


Values. 


10 

11 

12 
13 
14 
15 
16 
17 
18 
19 
20 


I 


14-50 
15-54 
16-57 
17-61 
18-65 
19-68 
20-71 
21-75 
22-79 
23-82 
24-86 


14-5 
15-5 
16-6 
17-6 
18-6 
19-7 
20-7 
21-8 
22-8 
23-8 
24-9 


a 


n 


21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 


Values. 


Values. 


25-89 
26-93 
27-96 
2900 
30  00 
31-00 
32-00 
33-00 
34-00 
35-00 
36  07 


25-9 
26-9 
280 
29-0 
30-0 
31-0 
32-0 

33  0 

34  0 

35  0 
36-1 


32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
Sec. 


37-15 
38-22 
39-30 
40-38 
41-40 
42-40 
43-40 
44-40 
45-40 
46-40 
&c. 


If  it  be  desired  to  obtain  the  capacity  of  the  tube  in  cubic 
centimeters,  it  is  only  necessary  to  determine  the  weight  of  the 
([uantity  of  mercury  the  measure  delivers,  and  the  temperature  at 
which  the  calibration  was  made,  and  to  calculate  the  contents  by 
Uie  following  formula  : — 

r/x  (1+0-00018150 


c=- 


1 3-596  V 


in  which  g  represents  the  weight  of  the  mercury  contained  in  the 
measure,  t  the  temperature  at  which  the  calibration  is  made, 
0-0001815  being  the  coefficient  of  expansion  of  mercury  for  each 
degree  centigrade;  V  the  volume  read  off  in  the  eudiometer,  and  C 
the  number  of  cubic  centimeters  required. 

A  correction  has  to  be  made  to  every  number  in  tlie  table  on 
account  of  the  surface  of  the  mercury  assuming  a  convex  form  in 
the  tube.  During  the  calibration,  the  convexity  of  the  mercury  is 
turned  towards  the  open  end  of  the  tube  (tig.  79),  whilst  in  the 
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measurement  of  a  gas  the  convexity  will  be  in  the  opposite  direction 
(fig.  80),  It  is  obvious  that  the  quantity  of  mercury  measured 
during  the  calibration,  while  the  eudiometer  is  inverted,  will  be 
less  than  a  volume  of  gas  contained  in  the  tube  when  the  nicrcuiy 
slflnds  at  the  same  division,  while  the  eudiometer  is  erect.  The 
necessary  amount  of  correction  is  determined  by  observing  the 
])OBition  of  the  to|)  of  the  meniscus,  and  then  introducing  a  few 
drops  of  a  solution  of  corrosive  sublimate,  which  will  imme<liately 
cause  the  surface  of  the  mercury  to  become  horizontal  (flg.  81),  and 
again  measuring. 

It  will  be  observed  that  in  fig.  79  the  top  of  the  meniscus  was 
at  the  division  39,  whereas  in  fig.  81 ,  after  the  addition  of  corrosive 
sublimate,  the  horizontal  surface  of  the  mercury  stands  at  38'7, 
giving  a  depression  of  0'3  m.m.  If  the  tube  were  now  placed 
erect,  and  gas  introduced  so  that  the  toji  of  the  meuisctis  was  ut  39, 


•Pig.  80. 


Fig.  HI. 


and  if  it  were  now  |)ossible  to  overcome  the  capillarity,  the  horizontal 
surface  would  stand  at  39'3,  The  small  cylinder  of  gas  between 
38-7  and  393,  or  06  division,  would  thus  escape  measurement. 
This  ntmiber  0-6  is  therefore  called  the  fni/r  iif  weTtitrun,  and  must 
be  added  to  all  readings  of  gas  in  the  eudiometer.  The  difference, 
tJierefore,  between  the  two  readings  is  multiplied  by  two,  and  tlie 
volume  represented  by  the  product  obtained — the  error  of  meni»eas 
— is  added  to  the  mcasurcinunts  liefore  finding  the  corresponding 
cajtucities  by  the  table.  In  the  case  of  the  tube,  of  ivtiicli  the 
calibration  is  given  above,  the  difference  between  the  two  readings 
was  0'4  num.,  making  the  error  of  meniscus  0'8. 

All  experiments  on  gas  analysis,  with  the  apparatus  described, 

*  In  tbao  tlie  mercurj  )hoi.U  li  *-  toi^cli  3). 
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flliould  be  conducted  in  a  room  set  apart  for  the  putiwse,  witli  tlie 
window  facing  the  north,  ao  that  the  sun's  rays  cannot  penetrate 
into  it,  and  carefully  protected  from  Hues  or  any  Bource  of  heat 
wliich  might  cause  a  cliangc  of  tcmi>cratuTo  of  tlie  atmosphere. 
The  mercury  employed  should  bo  purifieil,  as  far  as  possible,  from 
lead  and  tin,  which  may  be  done 
by  leaving  it  in  contact  with  dihito 
nitric  acid  in  a  shallow  vessel  for 
some  time,  or  by  keeping  it  when 
<.int  of  use  under  concentrated 
sulphuric  acid,  to  which  aome  mcr- 
curous  sulphate  has  been  added. 
This  mercury  reservoir  may  con- 
veniently be  made  of  a  glass  globe 
with  a  neck  at  tlie  top  and  a 
stop-cock  at  the  bottom  (fig.  82), 
and  which  is  not  filled  more  than 
one-half,  so  as  to  maintain  as  lai^c 
a  surface  as  possible  in  contact 
with  the  stdphuric  acid.  Any 
foreign  metals  (with  the  exception 
of  silver,  gold,  and  platinum) 
which  may  be  jireBont  are  removed 
by  the  mercurou,'  sidphate,  an 
equivalent  quantity  of  mercury 
being  precipitated.  This  process, 
which  was  oiiginatctl  by  JI. 
Dcvillc,    baa   bee      '  c    f  r 

many  years  witt     c     s  t  facto 
results,  the  mercury  be    g  al  v  j  * 
clean  and  dry     1  en   Ira        fro 
the  stop-cock  at  the  1  otto  n    f  (1  c 
globe.      The  m  utl    of  tl      glol  o 
slioulil  he  ke]>t  cl    c  t    |  r    c  t 
the  absiirptiou     f      it  r    1  j   tl 
siilphutic  acid. 

In  nil  cases,  1  r  [  net  1  le 
gases  should  bo  easiirt  I  1 
eomjiletely  saturated  with  aqaeous 
vaiHrtir:  to  ensure  this,  the  top 
of  the  eudiometer  and  ab.<iorptioii 
tubcfl  should  be  moistened  before  Pij..  62. 

the  introduction  of  the  mercury. 

This  may  l)c  done  by  dipping  the  end  of  a  piece  of  iron  wire 
into  water,  and  touching  the  interior  of  the  closed  extremity  of 
the  tube  with  the  i)oint  of  the  wire. 

In  filhng  the  eudiometer,  tlie  greatest  care  must  of  course  bo 
taken   to  exclude  all  air-bubbles  from  the  tubes.     Tliis  may  I>e 
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effected  in  several  ways  :  the  eiuliomcter  may  be  held  in  an  inverted 
or  inclined  |)osition,  and  the  mercury  introduced  through  a  narrow 
glass  tul>o  which  passes  to  the  end  of  the  eudiometer  and  com- 
municates, with  the  intervention  of  a  stojvcock,  with  a  reservoir 
of  mercury  (fig.  83).  On  carefully  opening  the  stoji-cock,  the 
mercury  slowly  Hows  into  the  eudiometer,  entirely  displacing  the  air. 
The  same  result  may  l)e  obtained  by  placing  the  eudiometer  nearly 
in  a  horizontal  jjosition,  anil  carefully  introtlucing  the  mercury 
from  a  test-tube  without  a  rim  (fig.  84).  Any  minute  bubbles 
adhering  to  the  side  may  generally  be  removed  ])y  closing  the 
mouth  of  the  tube  with  tlie  thumb,  and  allowing  a  small  air-bubble 
to  rise  in  the  tube,  and  thus  to  wasli  it  out.  After  filling  the 
eudiometer  entirely  with  mercury,  and  inverting  it  over  the  trough, 
it  will  generally  be  foinid  that  the  air-bubbles  have  been  removed. 

For  the  introduction  of  the  gases,  the  eudiometer  should  bo 
placed  in  a  slightly  inclined  position,  being  held  by  a  support 
atttiched  to  the  mercurial  trough  (fig.  85),  and  the  gas  transferred 


Fig.  83. 

from  the  tube  in  which  it  has  been  collected.  The  eudiometer  is 
now  put  in  an  absolutely  vertical  position,  determined  by  a 
lilumb-line  placed  near  it,  and  a  thermometer  suspended  in  close 
proximity.  It  must  then  be  left  for  at  least  half  an  hour,  no  one 
being  allow«Hl  to  enter  the  room  in  the  meantime.  After  the 
expiration  of  this  period,  the  operator  entt^rs  the  room,  and,  l)y 
means  of  the  t<.'lescope  placed  several  feet  from  the  mercury  table, 
carefully  observes  the  height  of  the  mercury  in  the  tube,  estimating 
the  tenths  of  a  division  with  the  eye,  which  can  readily  be  done 
after  a  little  practice.  He  next  reads  the  thermometer  with  the 
t(;lescope,  an<l  finally  tlie  height  of  the  mercury  in  the  trough  is  read 
off  on  tlie  tube,  for  which  purpose  the  trough  must  have  glass  sides. 
The  difierence  between  these  two  numbers  is  the  length  of  the 
column  of  mercury  in  the  eudiometer,  and  has  to  be  subtracted 
from  tlie  reading  of  the  barometer.  It  only  remains  to  take  the 
height  of  the  baromet<?r.  The  most  convenient  form  of  instrument 
for  gas  analysis  is  the  syphon  barometer,  with  the  divisions  etched 
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on  the  tube.  This  is  placed  on  the  mercury  table,  so  that  it  may 
be  read  by  the  telesco[>Q  immediately  after  the  lueoau rente iits 
in  the  eudiometer.  There  are  two  methods  of  iiuniljering  the 
divisions  on  the  barometer :  in  one  the  zero  point  is  at  or 
nnnr  the  bend  of  the  tube,  in  tvhich  cobc  the  height  of  the 
lower  column  must  be  subtracted 
from  that  of  the  higher;  in  the  other 
tlio  zero  is  placed   near  the  middle  of  (j^, 

the  tube,  so  that  the  numbers  liavc  to 
be  added  to  obtain  the  actual  height 
In  cases  of  extreme  accuracy,  a  correction 
must  be  made  for  the  temperature  of  the 
barometer,  which  is  determined  hy  a  ther- 
mometer suspended  in  the  o[ten  limb  of  the 
instrument,  and  ]>as8tng  through  a  plug  of 
cotton  wooL  Just  Ijofore  observing  the 
height  of  the  Imrometer,  the  bulb  of  the 
thermometer  is  depressed  for  a  moment 
into  the  mercury  in  the  open  limb,  thus 
eausing  a  movement  of  the  mercurial 
colunm,  which  overcomes  any  tendency 
that  it  may  liavo  to  adhere  to  the  glass. 

In  every  case  the  volume  observed  must 
be  reduced  to  the  normal  temperature  and 
pressure,  in  order  to  render  the  results 
comjKirable.  If  the  absolute  volume  is 
re<|uired,  the  nornial  pressure  of  760  m.ni. 
must  lie  employed  :  but  when  comparative 
volumes  only  are  desired,  the  pressure  of 
1000  m.m.  is  generally  adopted,  as  it 
somewhat  simplifies  the  calculation.  In 
the  following  fonnula  for  correction  of  the 
vohmie  of  gases — 

.    .     m 

\^  =  the  correct  volume, 

V  =  the  volume  found  in  the  table,  aiid 
corresponding  to  tlie  oliscrvod  height  of 
the  mercury  in  the  eudiometer,  the  error 
of  meniscus  being,  of  course,  included.  Iljf 

B  =  the  height  of  tlie  barometer  (cor- 
rected for  temperature,  if  necessary)  at 
the  time  of  measurement, 

b  -  the  difference  between  the  height  of  the  mercury  in  the 
trough  and  in  the  eudiometer. 

/  ^  the  temperature  in  centigrade  degrees, 

T=the  tension  of  aqueous  vapour  in  millimeters  of  mercnry 
at  r.  This  number  is,  ui  course,  only  employed  when  the  gas  ia 
saturated  with  moisture  at  the  time  of  measurement. 


:|, 
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Then 


760  X  (1  +  0-0036650' 
when  the  pressure  of  760  m.m.  is  consiilcred  the  normal  one ;  or, 

Vi_       V.Qt-ft-T) 

1000  X  (1+0-0036650' 

wlien  the  normnl  pressure  of  1  meter  is  adopted. 

In  cases  where  the  temi>erature  at  measurement  ia  below  0* 
(which  rarely  happens),  the  factor  1  -  0003665/  must  be  used. 

Tables  have  been  eonatmcted  containing  the  values  of  T;  of 
1000  X  (1+0-003665/),  and  of  760  v  (1+0-003665/),  which 
very  much  facilitate  the  nuraerous  calculations  required  in  this 
branch  of  nnnlyais*     These  will  be  found  at  the  end  of  tlic  book. 


Wv.  shall  iiokv  be  in  a  jiosition  to  examine  the  methods  employed 
in  t;a8  analysis.  Some  gases  may  bo  estimati'd  directly  ;  that  is, 
they  may  lie  absorbed  by  certain  reagents,  th<)  diminution  of  the 
volume  indicating  the  quantity  of  the  gas  present.  8ome  are 
determined  indirectly ;  that  is,  by  exploding  them  with  other 
gnsea,  and  measuring  the  quantities  of  the  products.  Some  gases 
may  be  estimated  either  directly  or  indirectly,  acconling  to  the 
circumstances  under  which  they  are  found. 

ited  ifipirmtelj  for  laboratorj 
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§95. 

1.  GASES  ESTIMATED  DIBE0TL7. 

A*    G-ases  Absorbed  by  Crystallized  Sodio  Phosphate  and  Potassic 

H3rdrate  :— 

llyclrocliloric  acid, 
Hydrobromic  acid, 
llydriodic  acid. 

B.    Gases  Absorbed  by  Potassic  Hirdrate,  and  not  by  Crystallized 

Sodic  Phosphate:— 

Carbonic  anhydride, 
Sulpluirous  anliydride, 
Hydrosulphuric  acid. 

•C.    Gases  Absorbed  by  neither  Crystallized  Sodic  Phosphate  nor 

Potassic  Hydrate:— 

Oxygen, 
^Nitric  oxide, 
Carbonic  oxide. 

Hydrocarbons  of  the  composition  Cn  H-n, 
Hydrocarbons  of  the  formula  ^Cn  Il-n+1)-, 
Hydrocarbons    of    the    formula   Cn   ]r-n  +  2, 
except  ^larsh  gas. 

2.    GASES    ESTIMATED    INDIBECTLT. 

Hydrogen, 
Carbonic  oxide. 
Marsh  gas, 
Methyl, 

Ethvlic  hydride. 
Ethyl, 

Propylic  hydride, 
I»iitylic  hydride. 
Nitrogen. 

DIBECT    ESTIMATIONS. 

Group  A,  containing  Hydrochloric,  Hydrobromic,  and 

Hydriodic  Acids. 

^  9G.  In  Thinsen's  method  tlu?  reagents  for  absorjition  are 
generally  used  in  the  solid  form,  in  the  shape  of  bullets.  To  make 
the  bullets  of  sodic  phosj^hate,  the  end  of  a  piece  of  j)latinum  wire, 
4.>f  about  one  foot  in  length,  is  coiled  uj)  and  fixed  in  the  centre  of 
a  pistol-bullet  mould.     It  is  well  to  bend  the  handles  of  the  mould, 
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so  that  when  it  is  dosed  the  handles  are  in  contact,  and  may  bo 
fastened  together  by  a  piece  of  coi>per  wire  (iig.  86).  The  usual 
practice  is  to  ])lace  the  platinum  wire  in  the  hole  through  which  the 
mould  is  filled ;  but  it  is  more  convenient  to  file  a  small  notch  in 
one  of  the  faces  of  the  open  mould,  and  place  the  wire  in  the  notch 
before  the  mould  is  close«l.  In  this  manner  the  wire  is  not  in  the 
way  during  the  casting,  and  it  is  subsequently  more  easy  to  trim 
the  bullet.  Some  ordinary  crystallized  sodic  phosphate  is  fused  in 
a  platinum  crucible  (or  better,  in  a  small  piece  of  wide  glass  tube, 
closed  at  one  end,  and  with  a  spout  at  the  other,  and  held  by 
a  copper-wire  handle),  and  poured  into  the  bullet  mould  (fig.  87). 
\Vhen  quite  cold,  the  mouhl  is  first  gently  wanned  in  a  gas-flame, 
opened,  and  the  bullet  removed.  If  the  warming  of  the  mould  is 
omitted,  the  bullet  is  frequently  broken  in  consequence  of  its 
adhering  U)  the  metiU.  Some  chemists  recommend  the  use  of  sodic 
sulphate  instead  of  pho8i)hate,  which  may  be  made  into  balls  by 
dipping  the  coiled  end  of  a  pi(?c(i  of  platinum  wire  into  the  salt 


i 
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fused  in  its  water  of  crystallization.  On  removing  the  wire, 
a  small  rpiantity  of  the  salt  will  remain  attached  to  the  wire. 
Wlien  this  has  solidified,  it  is  again  introduced  for  a  moment 
and  a  hu-gcr  <[uantity  will  collect ;  and  this  is  relocated  until  the 
ball  is  sufficiently  large.  The  balls  must  be  (piite  smooth,  in 
»rder  to  prevent  the  introduction  of  any  air  into  the  eudiometer. 
AVhen  the  bullet«5  are  made  in  a  mould,  it  is  necessary  to  remove 
the  short  cylinder  which  is  produced  by  the  orifice  through  which 
the  fused  salt  has  been  poured. 

In  the  estimation  of  those  gases,  it  is  necessary  that  they  should 
be  perfectly  dry.  This  may  be  attained  by  introducing  a  bullet  of 
fused  calcic  chloride.  Aft<jr  the  lajKse  of  about  an  hour,  the  bullet 
may  Ik?  remov(;d,  the  absori)tion  tube  placed  in  a  vertical  position, 
with  thermometer,  etc.,  arranged  for  the  reading,  and  left  for 
half  an  hour  to  assume  the  temperature  of  the  air.  When  the 
reading  has  l>e(?n  t;dcen,  one  of  the  bullets  of  sodic  phosi)hate  or 
sodic  sulphate  is  depressed  in  the  trough,  wii)ed  with  the  fingers 
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while  under  the  mercury  in  order  to  remove  any  air  that  it  might 
have  carried  down  with  it,  and  introduced  into  the  absorption  tube, 
which  for  this  purpose  is  inclined  and  held  in  one  hand,  while 
the  bullet  is  passed  into  the  tube  with  the  other.  Care  must  be 
taken  that  the  whole  of  the  platinum  wire  is  covered  with  mercury 
while  the  bullet  remains  in  the  gaa,  otherwise  there  is  a  risk  of 
air  entering  the  tube  between  the  mercury  and  the  wire  (fig.  88). 

After  standing  for  an  hour,  the  bullet  is  withdrawn  from  the 
absor]ition  tube.  This  must  be  done  with  some  precaution,  so  as 
to  prevent  any  gas  being  removed  from  the  tube.  It  is  best  done 
by  drawing  down  the  bullet  by  a  brisk  movement  of  the  wire,  the 
gas  being  detached  from  the  bullet  during  the  rapid  descent  of  the 
latter  into  the  mercury.  The  bnllet  may  then  be  more  slowly 
removed  from  the  tube.  As  sodic  phosphate  and  sodic  sulphate 
contain  water  of  crystallization,  and  a  corresponding  proportion 
of  this  is  liberated  for  every  equivalent  of  sodic  chloride  formed, 
care  must  be  taken  that  the 
bullete  are  not  too  small,  else 
the  water  set  free  will  soil  the 
sides  of  the  eudiometer,  especially 
if  there  is  a  large  volume  of  gas 
to  be  absorbed.  As  a  further 
precaiition,  drive  off  soine  of  the 
water  of  crystallization  before 
casting  the  bullet.  When  the 
bullet  has  lieen  removed,  the  gas 
must  bo  dried  as  before  with 
calcic  chloride  and  again  mea.'sured 
If  two  or  more  of  the  gasea  arc 
present  m  tht  nn\ture  to  1m 
anaUzed  the  sodiL  phosphate  ball 
must  be  ilisiohed  in  water,  and 
the  chlonne  bromine,  and  iodine 
determined  bv  the  ordinary  ana 
htical  methods      If  this  has  to 

be    done,    cire    must    be    taken  ■""   *" 

that  tlic  BodiL  phosphate  emplojed  is  frie  from  chlorine 


livdridc 
sulphu 


sulphuretted    hydr: 
.us    anhydride. 


§  97.  If  the  gases  occur  singly,  they  are  determined  by  means 
of  a  bullet  of  i-austio  jKitJish  made  in  the  same  manner  as  tlie  sodic 
phos])hate  balls.  The  caustic  potash  employed  should  contain 
sufficient  water  to  render  the  bullets  so  soft  that  they  may  be 
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marked  with  the  nail  when  cold.  Before  use  the  balls  must  be 
slightly  moistened  with  water ;  and  if  large  quantities  of  gas  have 
to  be  absorbed,  the  bullet  must  be  removed  after  some  hours, 
washed  with  water,  and  returned  to  the  absorption  tube.  The 
absorption  may  extend  over  twelve  or  eighteen  hours.  In  order  to 
ascertain  if  it  is  completed,  the  potash  Ixill  is  removed,  washed, 
again  introduced,  and  allowed  to  remain  in  contiict  with  the  gas 
for  about  an  hour.  If  no  diminution  of  volume  is  observed  the 
operation  is  finished. 

The  following  analysis  of  a  mixture  of  air  and  carbonic  anhydride 
will  serve  to  show  the  mode  of  recording  the  observations  and  the 
methods  of  adculation  required. 


AnalysU  of  a  Mixture  of  Air  and  Carbonic  Anhydride. 
1.     Gas  Saturated  with  Moisture. 

Height  of  mercury  in  trough   .              =  171 '8  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter          .             .             .              =  89*0  m.m. 

Column  of  mercury  in  tube,  to  be  sub-  

tracted  from  the  height  of  barometer  =  Jt  =  82*8  m.m. 

Height  of  mercury  in  eudiometer  -  89*0  m.m. 

Correction  for  error  of  meniscus  =  0*8  m.m. 

89-8  m.m. 


Volume  in  table  corresponding  to  89*8 

m.m.  .  .  .  =  Y  =  96*4 

Tem[)erature  at  which  the  reading  was 

made  .  .  .  =    <   =  12-2' 

Height  of  barometer  at  time  of  obser- 
vation .  .  .  =B  =  765*25  m.m. 

Tension  of  aqueous  vapour  at  12*2*      =T=     10*6  m.m. 

Vx(B-/>^T) 
^    ~  1000  x(l-h  0-0036650 

96-4  X  (765-25  -  82-8  -  10-6)  ^ 
1000  x[l-h(0003665x  12-27] 

96-4x671-85    __  ^,  qqi 
1000x1044713"^^*^^^ 

log.    96-4   =1-98408 
log.  671-85  =  2-82727 

4-81135 
log.  (1000x1-044713)  =  3-01900 

1  -79235  =  log.  61-994  =  Vi 

Corrected  volume  of  air  and  CO^  =  V^  =  61*994. 
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After  absorption  of  carbonic  anhydride  by  bullet  of 

potassic  hydrate. 

Gas  Dry. 

Height  of  mercury  in  trough  .  =  172*0  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter .  .  .  .=  62 '5  m.m. 

Column  of  mercury  in  eudiometer 

Height  of  mercury  in  eudiometer 
Correction  for  error  of  meniscus 


Volume  in  table  corresponding  to  63*3 

m.m.  .  .  .  =  y  =  69*35 

Temperature    .  .  .  =  /  =  10*8° 

Barometer        .  .  .  =B  =  766*0  m.m. 

yi,,  Vx(B-7;) 


= 

h 

=  109*5 

m.m. 

= 

62*5 
0-8 

m.m. 
m.m. 

63-3 

m.m. 

1000  X  (1+0*003665/) 

69*35  X  (766*0-109*5) 
1000  x[l  + (0*003665  x  10*8)] 

09*35  X  656*5        .«  ^nr 

43*<95 


1000  X  1*039582 

log.    69*35  =  1*84105 
log.  656*5   =2*81723 

4*65828 
log.  (1000  X  1*039582)  =  3*01686 


1*64142=  log.  43*795  =  ^^ 


Corrected  volume  of  air  =  43*795 
Air  +  C02  =  61*994 
^Vir  =43*795 

C02=  18*199 


61*994     :     18*199     :  :     100     :     i^  =  percentage  of  CO^ 

18*199  X  100  _g 
•^"""6^995 ^^^'^^ 

Percentage  of  CO-  in  mixture  of  air  and  gas=29*355. 


/y-^ 

76-0 

98-0 
0-8 

m.m. 

m.m. 
m.m. 

98-8 

m.m. 
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Gas  Moist. 

Height  of  mercury  in  troiigli  .  =         174*0  m.m. 

Height  of  mercury  in  eudiometer         -=  98*0  m.m. 

Cohimn  of  mercury  in  tube     . 

Height  of  mercury  in  eudiometer 
Correction  for  error  of  meniscius 


Vohmie  in  table,  corresponding  to  98*8 

m.m.  .  .,  .  ::^V=  105-6 

Temperature  .  .  .  =z  f  =     1-2'^ 

]>arometer      .  .  .  =  15  ^  738-0  m.m 

Tension  of  a([ueous  vaj)Our  at  12*5^    =-  T  =     10*8  m.m. 
Corrected  vohime  of  air  and  carbonic 

anhydride  ,  .  .  =z  Gr)-754 

After  absorption  of  CO*-. 
Gas  Dry. 

Height  of  mercury  in  trough   .  =         173*0  m.m. 

Height  of  mercury  in  absorption  eudio- 
meter .  .  .  1:1^  70-3  m.m. 

Cohimn  of  mercury  in  tube      .  =b=^  102-7  m.m. 

Height  of  mercury  in  eudiometer         --^  70*3  m.m. 

Correction  for  error  of  meniscus  =  0*8  m.m. 

71*1  m.m. 


Vohime  in  table  corresponding  to  71*1 

m.m.  .  .  .  =V=    77*4 

Temperature    .  .  .  =  ^  =    14*1'* 

Barometer       .  .  .  =B  =  733*5  m.m. 

Corrected  volume  of  air  =  46*425 

Air  +  C02  =  65*754 

Air  =  46*425 

C02=  19*329 


65*754  :  19*329  :  :  100  :  22*396. 

I.  II. 

Percentage  of  CO^  in  mixture  of  air  and  gas  29*335     25*396 

If  either  sulphurous  anhydride  or  sulphuretted  hydrogen  occurs 
together  with  carbonic  anhydride,  one  or  two  modes  of  operation 
may  be  followed.  Sulphuretted  hydrogen  and  sulphurous  anhydride 
are  absorbed  by  manganic  peroxide  and  by  ferric  oxide,  which 
may  be  formed  into  bullets  in  the  following  manner.     The  oxides 
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are  made  into  a  paste  with  water,  and  introduced  into  a  bullet 
mould,  the  interior  of  which  has  been  oiled,  and  containing  the 
coiled  end  of  a  piece  of  platinum  wire ;  the  mould  is  then  placed 
on  a  sand  bath  till  the  ball  is  dry.  The  oxides  will  now  be  left  in 
a  porous  condition,  which  would  be  inadmissible  for  the  purpose 
to  which  they  are  to  be  applied ;  the  balls  are  therefore  moistened 
several  times  with  a  sirupy  solution  of  phosphoric  acid,  care  being 
taken  that  they  do  not  become  too  soft,  so  as  to  render  it  difficult 
to  introduce  them  into  the  eudiometer.  After  the  sulphuretted 
hydrogen  or  sulphurous  anhydride  has  been  removed,  the  gas 
should  be  dried  by  means  of  calcic  chloride.  The  carbonic 
anhydride  can  now  be  determined  by  means  of  the  bullet  of 
potassic  hydrate. 

Tlie  second  method  is  to  absorb  the  two  gases  by  means  of 
a  ball  of  potassic  hydrate  containing  water,  but  not  moistened  on 
the  exterior,  then  to  dissolve  the  bullet  in  dilute  acetic  acid  which 
has  been  previously  boiled  and  allowed  to  cool  without  access  of 
air,  and  to  determine  the  amount  of  sulphuretted  hydrogen  or 
suli)hurous  anhydride  by  means  of  a  standard  solution  of  iodine. 
This  process  is  especially  applicable  when  rather  small  quantities  of 
sulphuretted  hydrogen  have  to  be  estimated. 


Group  C.  This  group  contains  the  g'ases  Tnot  absorbed  by  Potassic 
Hydrate  or  Sodic  Phosphate,  and  consists  of  Oxysren,  Nitric 
Oxide,  Carbonic  Oxide,  Hydrocarbons  of  the  formulSB  CnHsn 
(Cn"H-n+l)^  and  CnH:n+-,  except  Marsh  ^as. 

Oxygen  was  formerly  determined  by  means  of  a  ball  of 
phosphorus,  but  it  is  difficult  subsequently  to  free  the  gas  from 
tlie  phosphorous  acid  produced,  and  which  exerts  some  tension,  and 
so  vitiates  the  results ;  besides  which,  the  presence  of  some  gases 
interferes  with  the  absorption  of  oxygen  by  phosphorus ;  and  if 
any  potassic  hydrate  remains  on  the  side  of  the  tube,  from  the 
previous  absorption  of  carbonic  anhydride,  there  is  a  possibility  of 
the  formation  of  phosphoretted  hydrogen,  which  would,  of  course, 
vitiate  the  analysis.  A  more  convenient  reagent  is  a  freshly 
prepared  alkaline  solution  of  potassic  pyrogallate  introduced  into 
the  gas  in  a  bullet  of  papier-mache.  The  balls  of  papier-machiS 
are  made  by  macerating  filter-paper  in  wateis  and  forcing  as  much 
of  it  as  possible  into  a  bullet  mould  into  which  the  end  of  a  piece 
of  platinum  wire  has  been  introduced.  In  order  to  keep  the  mould 
from  opening  while  it  is  being  filled,  it  is  well  to  tie  the  handles 
together  with  a  piece  of  string  or  wire,  and  when  charged  it  is 
placed  on  a  sand  bath.  After  the  mass  is  dry  the  mould  may  be 
opened,  when  a  large  absorbent  bullet  will  have  been  produced. 
The  absorption  of  oxygen  by  the  alkaline  pyrogallate  is  not  very 
rapiil,  and  it  may  be  necessary  to  remove  the  ball  once  or  twice 
during  the  operation,  and  to  charge  it  freshly. 
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Nitric  oxide  cannot  be  readily  absorbed  in  an  ordinary 
absori)tion  tul)e ;  it  may,  however,  be  converted  into  nitrous 
anhydride  and  nitric  peroxide  l^y  addition  of  excess  of  oxygen, 
alisorbing  the  oxygen  coniiK)unds  with  potiinsic;  hydrate,  and  the 
excess  of  oxygen  by  potassic  pyrogallate.  Tlie  diminution  of  the 
vohime  will  give  the  (juantity  of  nitric  oxide.  Tliis  process  is 
([uito  successful  when  the  nitric  oxide  is  mixed  with  olefiant  gas 
and  ethylic  hydride,  but  it  is  i)0SHible  that  other  hydrocarbons 
miglit  be  acted  on  by  the  nitrous  compounds. 

Carbonic  oxide  may  be  absorbed  by  two  reagents.  If  carbonic 
aidiydride  and  oxygen  be  i)resent  they  must  be  absorlKid  in  the 
usual  manner,  and  afterwards  a  papier-mache  ball  saturated  with 
a  concentrated  solution  of  cuprous  chloride  in  dilute  hydrochloric 
acid  introduced.  A  ball  of  caustic  i)otash  is  subsequently  employ etl 
to  remove  the  hydrochloric  acid  given  off  by  the  previous  reagent, 
and  to  dry  the  gas.  Carbonic  oxide  may  also  be  absorbed  by 
introilucing  a  ball  of  potassic  hydrate,  i)lacing  the  absorption  tube 
in  a  beak(»r  of  mercury,  and  lieating  the  whole  in  a  water  bath  to 
100^  for  60  hours.  The  carbonic  oxide  is  thus  convertiMl  into 
l>otassi(;  formate  and  entirely  absorbetl. 

Olefiant  CJas  and  other  Hydrocarbons  of  the  formula 
CnH-n  are  absorbed  by  Nordhausen  sulphuric  acid,  to  which  an 
additional  quantity  of  sulphuric  anhydride  has  been  added.  Such 
an  acid  may  Ikj  obtained  by  heating  some  Kordhausen  acid  in 
a  retort  connected  with  a  receiver  containing  a  small  quantity  of 
the  same  acid.  This  li<piid  is  introduced  into  the  gas  by  means  of 
a  dry  coke  l)ullet.  These  bull(»ts  are  made  by  filling  the  mould, 
into  which  the  usual  platinum  wire  has  been  placed,  with  a  mixture 
of  equal  weights  of  finely  powdered  coke  and  ])ituminous  coal. 
The  mould  is  then  heated  as  rapidly  as  possible  to  a  bright  red 
lieat,  and  opened  after  cooling ;  a  hard  ])orous  ])all  will  have  been 
produced,  which  may  be  employed  for  many  different  reagenta. 
It  is  sometimes  difficult  to  ol)tain  the  proper  mixture  of  coal  and 
coke,  but  when  once  prepared,  the  bullets  may  bo  made  with  the 
greaU»st  eiwe  and  rapidity.  The  olefiant  gas  will  l>e  absorl>ed  by  the 
sulphuric  acid  in  about  an  hour,  though  they  may  be  left  in  contact 
for  about  two  hours  with  advantage.  If,  on  removing  the  bullet, 
it  still  fumes  strongly  in  the  air,  it  may  be  assumed  that  the 
absorption  is  complete.  The  gas  now  contains  sulphurous,  sulpliuric, 
an<l  perhaps  carbonic  anliydrides;  these  may  be  removed  by 
a  manganic  peroxide  ball,  followed  by  one  of  ))otassic  hydrate,  or 
the  former  may  Ikj  omitted,  the  caustic  potash  alone  being  used. 
The  various  members  of  the  CnH'^n  group  cannot  be  separated 
directly,  but  by  the  indirect  method  of  analysis  their  r^Jative 
quantities  in  a  mixture  may  be  determined. 

The  liydrocarbons  (CnH%  +  ^)-  and  CnH-n  +  -  may  l>e  absorbed 
by  absolute  alcoliol,  some  of  which  is  introduced  into  the 
absorption   tube,    and   agitated  for   a   short   time   witli  the  gas. 
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Correction  has  then  to  he  made  for  the  weight  of  the  column  of 
alcohol  on  the  surface  of  the  mercury,  and  for  the  tension  of  the 
alcohol  vapour.  This  method  only  gives  approximate  results,  and 
can  only  be  (employed  in  the  presence  of  gases  very  slightly  soluble 
in  alcohol. 

The  time  re(iuircd  in  the  different  processes  of  absorption  just 
described  is  considerable ;  perhaj>s  it  might  be  shortened  by 
surrounding  the  absorption  eudiometer  with  a  wider  tube,  j-imilar 
to  the  external  tube  of  a  Liebig's  condenser,  and  through  which 
a  current  of  water  is  maintained.  By  means  of  a  thermometer  in 
the  space  between  the  tubes  the  t<;mperature  of  the  gas  would  be 
known,  and  the  readings  might  be  taken  two  or  three  mmutes 
aft<jr  the  withdrawal  of  the  reagents.  Besides  this  advantage,  the 
great  j)recaution  necessary  for  maintaining  a  constant  temperature 
in  the  room  might  be  dispensed  with.  A  few  experiments  made 
some  years  ago  in  this  direction  gave  satisfactory  results. 

INDIRECT    DETERMINATIONS. 

§  98.  Gases  which  are  not  absorbed  by  any  reagents  that  are 
applicable  in  eudiometers  over  mercury,  must  be  determined  in  an 
indirect  manner,  by  exploding  them  with  other  gases,  and  noting 
either  the  change  of  volume  or  the  quantity  of  their  products 
of  decomposition ;  or  lastly,  as  is  most  frequently  the  case,  by 
a  combination  of  these  two  methods.  Thus,  for  exam[»le,  oxygen 
may  ho  detenninod  by  exploding  with  excess  of  hydrogen,  and 
observing  the  contraction  ;  liydrogen  may  l)e  estimated  by  exploding 
with  excess  of  oxygen,  and  measuring  the  contraction  ;  and  marsh 
gas  by  ex])loding  with  oxygon,  measuring  the  contraction,  and  also 
the  (juantity  of  carbonic  anhydride  generated. 

The  operation  is  conducted  in  the  following  manner : — The  long 
eudiometer  furnished  with  exi)losive  wires  is  filled  with  mercury 
(after  a  droj)  of  water  has  been  j)laced  at  the  top  of  the  tul>e  by 
means  of  an  iron  wire,  as  ])efore  described),  and  some  of  the  gas  to 
l)e  analyzed  is  introduced  from  the  abs()r[)tion  eudiometer.  This 
gas  is  then  measured  with  the  usual  precautions,  and  an  excess  of 
oxygen  or  hydrogen  (iis  the  case  may  l:>e)  introduced.  These  gases 
may  be  passed  into  the  eudiometer  directly  from  the  apparatus  in 
wliich  they  are  prepared;  or  they  may  l)e  previously  c()llect<id  in 
lip])ed  tubes  of  the  form  of  aljsorption  tubes,  so  as  to  be  always 
readv  for  use. 

For  the  ])reparation  of  the  oxygen  a  bull)  is  used,  which  is  blown 
at  the  (;losed  end  of  a  i)ie(;e  of  combustion  tube.  The  bull)  is  about 
half  filled  with  dry  powdered  potassic  chlorate,  the  neck  drawn  out, 
and  bent  to  form  a  delivery  tube.  The  chlorate  is  fused,  and  the 
gas  allow(Ml  to  escape  for  some  time  to  ensure  the  expulsion  of  the 
atm()si>heric  air ;  the  end  of  the  delivery  tul^e  is  then  brought 
under  the  orifice  of  the  eudiometer,  and  the  necessary  (quantity  of 
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gnainltiiittcil.  AVIien  it  is  dosircil  to  pre]>iire  theoxygi'iilipforehtiml, 
it  iiKiy  1)1'  i.'ollocteil  (lircftly  from  tliu  biilh  ;  or,  aimtlior  method  to 
olttiiin  the  ftiis  free  from  nir  tuny  lie  ndnjitL-d  liy  tlmso  who  are 
]irriviilp<l  with  iUl'  necpssary  iii)i)liimc(;s.  This  is,  to  roimcct  a  hiilb 
tontiiiiiiiig  jwtassic  dilorntc  with  a  SiirRiigel's  mortiiriiil  air-pumi), 
niii),  aftiT  heating'  the  chlorate  to  fusion,  to  jtnxlucc  a  vacuum  in 
tlwi  apimmtus.  The  ulilorate  iiiny  be  again  lieated  until  oxygeii 
l>e<!ins  to  |iiu3  throu^'h  the  meteury  at  the  end  of  the  S]iretigel,  the 
hi.-at  then  withdmwn,  and  a  vncuuiii  again  ohtniiicd.  The  cldorate 
U  onco  more  hentcd,  and  the  oxygen  collected  at  the  liottom  of 
the  SprciiRel.  Ot  course  the  usual  precautions  ft*  ohtaning  an 
air-tiglit  joint  lietncen  the  liulh  and  tlie  S]<rengel  must  he  taken, 
siii'h  aM  .surrounding  the  cauiitchouc  connector  with  a  tu1>e  tilled 
with  metfury. 

Tlie  hydrogen  for  these 
ex]H'rimc'nt«  must  be  pre- 
]iarci]  liy  electrolysis,  since 
tluit  from  other  Boiirces  is 
liable  to  contamination  with 
inipTiritics  wliich  would 
vitiate  tiie  anidysis.  Tlie 
apl>nratus  employed  by 
linnnen  for  this  purpose 
<fi;.'.  {(9)  consists  .if  a  ghiss 
tube,  diwcd  at  the  lower 
enii,  and  with  a  funnel  t 


the  ..the 


which  a  d.i- 


.'ery  tube  is  ground,  the 
fitiuud  acting  as  a  watci'- 
jiiint.  A  plaliniim  wire  is 
«ealcd  into  the  lower  part  of 
the  tuU^i  and  near  the 
ii|i]«'r  end  another  wire, 
with  a  platiiuim  plate  iit- 
tidied,  is  fu.se<l  into  the 
glass.  Slime  amalgam  of 
zinc  is  plieed  into  the  tu1ie 
so   as    til  cover   the   lower  I'l-:.  "^i'. 

platininu  wire,  and  the  aji- 

paratus  filled  nearly  to  the  neck  with  water,  acidulated  with 
snljihuric  acid.  Un  connecting  the  platinum  wires  with  n  battery 
of  two  or  three  cells,  the  ujiiiei;  wire  being  made  the  negative 
iiliH-tnide,  pure  hydrogen  is  evolved  from  the  platiinnn  plate,  and, 
after  the  exptUsion  of  the  air,  may  I*  at  once  jiassed  into  the 
eudiometer,  or,  if  prcfcrrofi,  collected  in  tubes  for  future  use. 
l'nf<irtuiiatelj',  in  this  form  of  apparatns,  the  zinc  amalgam  soon 
iHTcomcH  covered  with  a  saturat<!d  solution  of  zinc  sulphate,  which 
puts  a  stiip  to  the  electrolysis.     In  order  to  remove  this  layer. 
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Bunsen  has  n  tube  fused  into  the  apparatus  nt  the  surtacc  of  tlie 
amalgam ;  this  is  bent  upwards  paralJcl  to  the  Inrger  tube,  mid 
curved  downwards  just  below  the  level  of  the  funocl.  The  end 
of  the  tube  is  elose<l  witli  a  caoutchouc  stopper.  On  removing  the 
stopper,  and  pouring  fresh  acid  into  the  funnel,  the  saturated  liquid 
is  expelled. 

Another  form  of  apparatus  for  pre]>aring  electrolytic  hydrogen 
may  readily  he  constructed.  A  six-ounce  wide-mouth  Ixittle  is 
fitted  with  a  good  cork,  or  better,  with  a  caoutchouc  stopper.  In 
the  stopper  foiir  tubes  are  fitted  (fig.  90).  The  first  is  a  delivery 
tube,  ]>rovided  with  a  U-tube,  containing  broken  glass  and  sulphuric 
acid,  to  conduct  the  hydrogen  to  the  merciirial  trough.  The  second 
tul»e,  about  5  centimeters  long,  and  filled  with  mercury,  has  fused 
into  its  lower  end  a  piece  of  platinum  wire  carrying  a  strip  of 
foil,  or  the  wire  may  be 
simply  flattened.  The  third 
tube  passes  nearly  to  the 
bottom  of  the  bottle,  the 
]K)rtion  above  the  cork  is 
bent  twice  at  right  angles, 
and  cut  off,  so  that  the 
open  end  is  a  little  almve 
the  level  of  the  shoulder 
of  the  Iwttle;  a  piece  of 
caoutchouc  tnbe,  closed  by 
a  compression  cock,  is  fitted 
to  the  end  of  the  tube. 
The  fourtli  tulje  is  a  piece 
of  combustion  tube  about 
30  centimeters  in  length, 
and  which  may  with  ad- 
vantage bo  formed  into  a 
funnel  at  the  to]>.  This 
tube  reaches  about  one-third 
I  down  the  bottle,  and  inside 
it  is  [ilaced  a  narrower  glass 
tube,  attached  at  its  lower 
end  by  a  piece  of  caoutchouc 
connector  to  a  rod  of  amalgamated  zinc.  The  tube  is  filled  with 
mercury  to  enable  the  operator  readily  to  connect  the  zinc  with 
the  battery ;  some  zinc  amalgam  is  placed  at  the  bottom  of  the 
bottle ;  and  dilut«  sulphuric  acid  is  poured  in  through  the  wide 
tu1»  until  the  Iwttle  is  nearly  fillc<l  with  liquid.  To  use  the 
apparatus,  the  delivery  tuba  is  dipped  into  mercury,  the  wire  from 
the  positive  [wle  of  the  Imttery  placeil  into  the  mercury  in  the 
tul)e  to  which  the  zinc  is  attached,  and  tlie  negative  polo  connected 
by  means  of  mercury  with  the  platinum  plate.  The  current, 
instep  of  jiassing  between  tbe  anuilgam  at  the  Ixtttom  of   the 
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vessel  and  the  platinum  plate,  as  in  Bunsen's  apparatus,  travel.** 
from  the  rcxl  of  amalgamated  zinc  to  the  platinum,  consequently 
the  current  continues  to  pass  until  nearly  the  whole  of  the  liquid 
in  the  Ijottle  has  l)ecome  saturated  with  zinc  sulphate.  As  soon  as 
the  hydrogen  is  evolved,  of  course  a  column  of  acid  is  raised  in 
the  funnel  until  the  i>ressure  is  sufficient  to  fonie  the  gas  through 
the  mercury  in  which  the  delivery  tuln?  is  placed.  Care  nnist  be 
taken  that  the  ([uantity  of  acid  in  the  l)ottIe  is  sufficient  to  j)revent 
esaipe  of  gas  through  the  funnel  tul>e,  and  also  that  the  delivery 
tuln?  does  not  pass  too  deeply  into  the  mercury  so  as  to  cause  the 
overflow  of  the  acid.  When  the  acid  is  exhausted,  the  compression 
cock  on  the  l)ent  tube  is  opened  and  fresh  acid  ])Oured  into  the 
funnel ;  the  dense  zinc  sulphate  solution  is  thus  replaced  by  the 
lighter  licpiid,  and  the  aj)paratus  is  again  ready  for  use. 

A  very  convenient  apparatus  for  transferring  oxygen  and 
hydrogen  into  eudiometei-s  is  a  gjis  pipette,  figured  and  descrilxid 
(lig.  62,  page  423). 

It  is  necessiiry  in  all  cjises  to  a(M  an  excess  of  the  oxygen 
or  hydrogen  iKjfore  exploding,  and  it  is  well  to  be  able  to  measure 
approximately  the  amount  added  without  going  through  the  whole 
of  the  calculations.  This  may  1k»  conveniently  done  by  making 
a  rough  calibration  of  the  eudiometer  in  the  following  manner : — 
The  tube  is  filled  with  mercury,  a  volume  of  air  introduced  into 
it  from  a  small  tul»e,  and  the  amount  of  the  depression  of  the 
mercury  noted ;  a  second  volume  is  now  j)as8ed  up,  a  further 
dej)ression  will  l>e  produced,  but  less  in  extent  than  the  previous 
one,  in  conse<[uence  of  the  shorter  column  of  mercury  in  the  tul)e. 
This  is  rej)eated  until  the  eu<liometer  is  filled,  and  by  means  of  a 
table  constructe<l  from  these  observatitms,  but  without  taking  any 
notice  of  the  variations  of  thermometer  or  barometer,  the  operator 
can  introduce  the  requisite  quantity  of  gas.  It  may  be  convenient 
to  make  this  calibration  when  the  eudiometer  is  inclined  in  the 
8U|)]M>rt,  and  also  when  placed  perpendicularly,  so  that  the  gius 
may  be  introduced  when  the  tube  is  in  either  position.  A  tiible 
like  the  following  is  thus  obtained  : — 


DlVLSlONS. 

1 
Measurmi. 

1            i 

Tube 
Inclined. 

27 

Tube 
Perpendicular 

45 

2 

45 

69 

3 

61 

87 

4 

75 

102 

m0 

88 

116 

6 

100 

128 

^ 
i 

109 

138 

«fcc.       i 

<tc. 

i^C. 

In  explosions  of  hydrocarlx)ns  with  oxygen,  it  is  necessary  to 
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have  a  consideralJe  excess  of  tlie  latter  gas  in  order  to  moderate 
the  violence  of  the  explosion.  The  same  object  may  be  attained 
by  dilutinj^  tlie  gas  with  atniosj)heric  air,  Imt  it  is  found  that 
suflicient  oxygen  serves  equally  well.  If  the  gas  contains  nitrogen, 
it  is  necessary  su])se4uently  to  explode  the  residual  gas  with 
hydrogen ;  and  if  oxygen  only  has  l)een  used  for  diluting  the 
gas,  a  very  large  (piantity  of  hydrogen  must  l>e  added,  w^liich 
may  augment  the  volume  in  the  eudiometer  to  an  inconvenient 
extent.  When  atmospheric  air  has  been  employed,  this  incon- 
venience is  avoided.  After  the  introduction  of  the  oxygen,  the 
eudiometer  is  restored  to  its  vertical  pasition,  allowed  to  stand 
for  an  hour,  and  the  volume  read  off. 

The  determination  of  the  (juantity  of  oxygen  which  must  be 
added  to  comlnistible  gases  so  as  to  prevent  the  explosion  from  l)eing 
too  violent,  and  at  the  same  time  t<^  ensure  complete  comlmsticm, 
has  be(;n  made  the  subject  of  experiment.  When  the  gases 
before  explosion  are  under  a  pressure  ecpial  to  alwut  half  that 
of  the  atmosphere,  the  folloAving  proportions  of  the  gases  must 
be  employed  : — 


Volume  of 
Conibiistible  Gas. 

Hydrogen      ....            1 
Carbonic  oxide      ...            1 

Vobime  of 
Oxygen. 

1-5 
1-5 

Marsh  g;is     .... 

1 

5 

Cnuses  c<.>ntaining  two  atoms  of 

carbon  in  the  molecule,  as 

:\rethvl,  C-Tl'^    . 

1 

10 

Gases  containing;  three  at^>msof 

carbon  in  tlie  moloculo,  as 

Propylic  hydride,  C^IL'' 

1 

18 

Gases  cont^iining  four  atoms  of 

(•arlnai  in  the  molecule,  as 

Kthvl,  C^H''»     . 

1 

25 

Tn  cases  r)f  mixtures  of  two  or  more  combustible  gases, 
proportionate  ipiantities  of  oxygen  must  l>e  introduced. 

At  the  time  of  the  explosion,  it  is  ncjcessary  that  the 
eudiometer  sliould  be  carefully  closed  to  j)revent  the  loss  p^^^  ^^^ 
of  gas  by  the  sudden  expansion.  For  this  jmrpose  a 
thick  i>late  of  caoutchouc,  three  or  four  centimeters  wide,  is 
cemented  on  a  piece  of  c«>rk  by  means  of  marine  glue,  or  some 
similar  .substanc(^,  and  the  low^er  surface  of  tlie  cork  cut  so  as  to  lie 
lirmly  at  the  bottom  of  the  mercurial  tr^aigh  (tig.  91).  It  is,  how- 
ever, ])referable  to  have*  the  caoutchouc  firmly  lixed  in  the  trough. 
As  the  mercurv  does  not  adhere  to  the  caoutchouc,  there  is 
some  risk  of  air  entering  the  eudiometer  aft<ir  the  explosion ; 
this  is  o])viated  by  rublnng  the  plat^  with  some  solution  of 
corri/sive  sublimate  before  introducing  it  into  the  mercury,  wdiich 
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mly  h;ii>i.i;iis  ' 


caiisi's  till'  iiiftdl  to  wot  the  ciioutclKnic  ami  r<!inovps  iiU  fiir  from 

its  pui'fiici'.      WliiMi  the  raoutchoiw!  is  not  fixeil  in  the  trough,  tlio 

tiL'titnient  with  tlie  puirosivo  aiiblin)nt«  Iiaa  to  he  rcpeateil  Itofore 

every  f.\  peri  me  lit,  ami  thia  noils  the  surfnto  of  tlio  mercury  to  irn 

ineonvcnieiit  extent.     The  iiisthion  is  next  dcjirosiioil  to  the  bottom 

of  tlie  troiij,'h,  iuiil  the  CHdionietcr  ]iliicetl  on  it  mid  Hrinly  held 

down  (ii;;.  112).     If  tliis  is  done  with  the  linnds,  the  tiibo"  must 

be  held  liy  thiit  jiortion  iTontaininf;  the  nicrcuiy,  fiit  it  is  foiind 

that  when  eudiometer*  biirst  {which,  how 

eome    jii'eeaution    h:is   been   iieylectfd) 

they   invariably  j;ive  way  just  at  the 

level  of  the  iiici'..'ury  within  the  tube, 

nnd   serious   an-idents    might    ocenr  if 

the    hamls   wen^   at   this    jioint.     The 

cause  of   tlie  fruetiire  at  this  jH^int  is 

the  followinfj :— Though  the  giis  is  at 

.1  pressure  lielow  llmt.of  the  atmosphere 

before  the  ex]ilosi<ui,  yet  nt  the  instant 

of  the    passage  of   tlie    spark,  the  es- 

jiansion  of   the  ^s  at  the  tti[>  of   the 

tul)c  condenses  the  layer  just  below  it ; 

this  on  explodin;^'  increases  the  density 

of  the  i^  further  down  the  tulie,  and 

liy  the  time  tlm  ignition  is  eonimunieated 

to  the  lowest  i|uantity  of  gas,  it  may 

lie  at  a   pressure  far  almve   that  of  the 

atmospluire.      It  may  bo  thfiiight  that 

tlie  explosion  is  so  iustantani^nui  tint 

this  csplamition  is  merely  thcorctiiil , 

but  on  cxpliHliii<;  along  cohiniii  of  gi«,  the 

time  reqnirod  for  tln'  complete  i^'iiition 

isijiiite  perceptible,  and  sometinna  the 

Hash    may    b.!    obst-rved    to    1«    more 

briUiant  at  the  stirfaee  of  the  mtrtury 

Scime   experimenters    prefer  to  fi\  the 

eudiometer  by  means  of  an  ami  fioni 

a  vertieal  stand,  the  arm  be 

out  oil  the  under  siile,  ai 

lined  with  eork. 


nj;  liolhiwed 
d  the  ca\  itj 


It  a  large  ([uantity  of  iiicomhu-.ttble 
gas   is   ]>rcseiit,  the    inflammability    of 

the  uiixtiire  may  I-<t  so  mueh  reduttd  that  eitliLr  tin  i  \plosjon 
doi'S  not  tiike  pliiee  at  all,  or,  what  nnv  Im."  worse,  only  i  j  iitial 
eombnstioii  ensues.  To  olniate  this,  some  cxjJoiiio  ini\tiin  of 
(ixygeii  and  hydrfigen,  <d>taineil  by  the  tlectrolisis  of  water, 
must  be  intrmhieed.  The  apjiaratus  uied  by  IJunsen  for  tint 
puqiose  is  shown  ill  tig.  93.  The  tuliem  which  the  cleLtrol>ti8 
takes  place  is  euiTouiideil  hy  a  cylinder  coutaiiiing  abohol,  in  oiiler 
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to  prevent  the  iieating  of  tlio  liquid.  A  convenient  apptiratus 
for  tlic  preparation  of  this  fjaa  ia  made  by  lilowing  a  ImHj  of 
about  four  centimeters  in  diameter  on  the  end  of  a  piece  of  narrow 
glass  tube,  scaling  two  pieces  of  flattened  platinum  wire  into 
opposite  aides  of  the  glolic,  and  Iwnding  the  tulw  so  aa  to  form 
a  delivery  tube.  Dilut«  sulphuric  acid,  containing  about  one  voKimo 
of  acid  to  twenty  of  water,  is  introduced  into  the  glolie,  either 
before  1>en(1ing  the  tul*e,  by  means  of  a  funnel  with  a  fine  long 
stem,  or,  after  the  Ijendiug,  liy  warming  the  apparatus,  and 
plunging  the  tul)e  into 
the  acid.  Care  must  be 
taken  that  tlie  add  ia 
dihite,  and  that  tho 
Imtterj'  is  not  too  strong, 
in  order  to  avoid  tho 
formation  of  ozone,  which 
would  attack  the  mer- 
cury, causing  the  sides 
of  tho  eudiometer  to  ba 
soiled,  at  the  same  time 
producing  a  gas  too  rich 
in  hydrogen. 

The  spark  necessary 
to  effect  tho  explosion 
may  be  obtained  from 
several  sources.  An  ordi- 
nary electrical  machine 
or  electrophorus  may  be 
used,  but  tliese  are  liable 
to  get  out  of  order  by 
damp.  Bunsen  uses  a 
porcelain  tube,  which  is 
tubbed  with  a  silk  rulv 
Ijer,  coated  witli  electrical 
amalgam  ;  liy  means  of 
this  n  small  Leydenjar 
is  chained.  A  still  more 
convenient  apparatus  is  an  induction  coil  large  enough  to  produce 
a  sjMirk  of  half  an  inch  in  length. 

After  the  explosion,  the  eudiometer  is  slightly  raised  from  the 
caoutcliouc  plate  to  allow  the  entrance  of  mercurj-.  \Mien  no  more 
mercury  rushes  in,  the  tiilic  ia  removed  from  the  caoutchouc  plate, 
placed  in  a  perpendicular  position,  and  alloweil  to  remain  for  at 
least  an  hour  before  reading.  After  mcaeuring  the  contraction,  it  ia 
generally  necessary  to  ahsorh  the  carbonic  anhydride  formed  by  the 
combustion  by  means  of  a  potash  ball,  in  the  way  previously 
described.  In  some  rare  instances  the  amount  of  water  produced 
in  the  explosion  with  oxygen  must  be  measured.     If  this  haa  to  be 
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(lone,  the  eudiometer,  the  mercury,  the  original  gas,  and  the  oxygen 
must  all  be  carefully  dried.  After  the  explosion,  the  eudiometer 
is  transferred  to  a  circular  glass  vessel  containing  mercury,  and 
attached  to  an  iron-wire  support,  by  which  the  entire  arrangement 
can  be  suspended  in  a  glass  tube  adapted  to  the  top  of  an  iron 
boiler,  from  which  a  rai)id  current  of  steam  may  be  passed  through 
the  glass  tube,  so  as  to  heat  the  eudiometer  and  mercury  to  an 
uniform  temperature  of  IOC*.  From  the  measurements  obtained  at 
this  tempemture  the  amount  of  water  produced  may  be  calculated. 
If  three  combustible  gases  are  present,  the  only  data  reipiired  for 
calculation  are,  the  original  volume  of  the  givs,  the  contraction  on 
explosion,  and  the  amount  of  carbonic  anhydride  generated.  When 
the  original  gas  contains  nitrogen,  the  residue  after  explosion  with 
excess  of  oxygen  consists  of  a  mixture  of  oxygen  and  nitrogen.  To 
this  an  excess  of  hydrogen  is  added,  and  the  mixture  exploded  ;  the 
contraction  thus  ])rotluced  divided  l3y  3  gives  the  amount  of  oxygen 
in  the  residual  gas,  and  the  nitrogen  is  found  by  difference. 

It  is  obvious  that,  by  8ul>tracting  the  quantity  of  residual  oxygen, 
thus  determined  by  explosion  with  hydrogen,  from  the  amount 
added,  in  the  first  instance,  to  the  combustible  gas,  the  volume  of 
oxygen  consumed  in  the  explosion  may  be  obtained.  Some  cliemists 
I)refer  to  em|)loy  this  number  instead  of  the  contraction  as  one  of 
the  data  for  the  calculation. 

We  must  now  glance  at  the  mode  of  calculation  to  l)e  emi)loyed 
for  obtaining  the  percentage  com])osition  of  a  gas  from  the  numbers 
arrived  at  by  the  experimental  observations. 

The  following  table  shows  the  relations  existing  between  the 
volume  of  the  more  important  combustible  gases  and  the  products 
of  the  exi)lo8ion  : — 


^s 

«^            M 

a 

«M             O       . 

Numc  of  Ga«. 

olume  o 

mbustib 

Oas. 

Si     M     9 

mtroctic 
after 

xplosion 

olume  o 

nhydrid 
reduced 

Hydrogen,  H          .         .         . 

P>  o 

>  s 

c3   w 

>^-«jft 

0-5 

1-5 

0 

Carbonic  Oxide,  CO 

0-5 

0-5 

1 

Methylic  Hydride,  CH^H       . 

2 

2 

1 

Acetylene,  Cm^    . 

2-5 

1-5 

2 

Olefiant  Gas,  C^H* 

3 

2 

2 

Methyl,  CH3,  CH^ 

3-5 

2-5 

2 

Ethylic  Hydride,  C2H'^H 

3-5 

2-5 

2 

I^ropylene,  C^H*^    . 

4-5 

2-5 

3 

rropylic  Hydride,  C^H^H       . 

5 

3 

3 

Butylene,  C*IP      . 

6 

3 

4 

Ethyl,  C2H^  C2H5 

6-5 

3-5 

4 

Butylic  Hydride,  C^IPH 

6-5 

3-5 

4 
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As  an  example,  we  may  t^ake  a  mixture  of  hydrogen,  carbonic 
oxide,  and  marsh  gas,  which  gases  may  be  designated  by  ./•,  //,  and  .r 
respectively.  The  original  volume  of  gas  may  be  represented  liv  A, 
the  contraction  bv  C,  and  the  amount  of  carbonic  anhydride  bv  1). 

A  will,  of  course,  be  made  uj)  of  the  three  components,  or 

A  =  J*  +  7/  +  z, 

C  will  1)0  composed  as  follows  : — When  a  mixture  of  hydrogen  and 
oxygen  is  ex])loded,  the  gas  entirely  disappears.  One  volume  of 
hydrogcni  combining  with  half  a  volume  of  oxygen,  the  contraction 
will  be  11  times  the  (|uantity^'of  hydrogen  present,  or  1  J.r.  In  the 
case  of  carbonic  oxide,  1  volume  of  this  gas  uniting  with  half  its 
volume  of  oxygen  produces  1  volume  of  carbonic  anhydride,  so 
the  contraction  due  to  the  carbonic  oxide  will  l>e  half  its  volume, 
or  i//.  Lastly,  1  volume  of  marsh  gas  combining  with  2  volumes  of 
oxyg(.*n  generates  1  volume  of  carbonic  anhydride,  so  the  contraction 
in  this  case  will  be  twice  its  volume,  or  2z.     Thus  we  have — 

C=li.r+i//  +  2.:. 

Sinro.  carbonic  oxide  on  combustion  forms  its  own  volume  of 
carbonic  anhydride,  the  amount  produced  l)y  the  quantity  present 
in  the  mixture  will  be  //.  Marsh  gas  also  generates  its  own  volume 
of  carbonic  anhydride,  so  the  cjuantity  corresponiling  to  the  marsh 
gas  in  the  mixture  will  be  .^'.     Therefore 

D  =  ;//  +  .:. 

It  now  remains  to  calculate  tlu*  values  of  x,  v/,  and  ;;  from  the 
exi)erimental  numbers  A,  C,  and  1),  which  is  done  by  the  hel[> 
of  the  following  e(piations  : — 

A  =  .i'  +  y  +  r:  .       C  =  Uic+i//  +  2;;  .       i)  =  //  +  r  . 
To  find  X—     ^ 

x  +  jj  +  r,  =  A, 

X  =  A  -  I )  . 

For  //  we  have—  ^^^  ^  4 .  ^  4 j  >  ^ 

3x+   //  +  ij  =  20  , 
_3:r  +  3//         =  41)  -  20  , 
^ =  3  A  -  3D  , 

3//         =3A-2C  +  D,     or 
3A-20  +  r> 

y  = o . 


The  value  of  r,  is  thus  found — 

I)  =  t/-\-z.'. 

^,     3A-20  +  D 

20  -  3A  +  2D 

« * 

-—  3 
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By  replacing  the  letters  A,  C,  and  D  l>y  the  numbers  obtained 
by  experiment,  the  (quantities  of  the  three  constituents  in  the 
volume  A  may  easily  be  calculated  by  the  three  formula?  — 

.i;  =  A  - 1)  =  hydrogen  , 

3A-2C4-I)  ,      .        ., 

y=  .>      -      ==  carbonic  oxide  , 

2C-3A  +  21) 

z=z .>   -       ==  marsh  gas  . 

The  jiercentage  composition  is,  of  course,  obtained  by  the  simple 
proportions — 

A  :  X  '.  :  100  :  i)er-cent.  of  hydrogen, 

A  :  //  :  :  100  :  per-cent.  of  carbonic  oxide , 

A  :  ;:  :  :  100  :  i)er-cent.  of  marsh  gas. 

If  the  gas  had  contained  nitrogen,  it  would  have  been  determined 
by  exploding  the  residual  gas,  after  the  removal  of  the  carbonic 
anhydride,  with  excess  of  hydrogen.  The  contraction  ol)served, 
divided  by  3,  would  give  tlie  volume  of  oxygen  in  the  residue,  and 
this  deducted  from  the  residue,  would  give  the  amount  of  nitrogen. 
If  A  again  rej)re3ents  the  original  gas,  and  n  the  amount  of  nitrogen 
it  contains,  the  expression  A  ~  7*  would  have  to  bo  substituted  for 
A  in  the  above  equations. 

It  may  be  as  well  to  develop  the  formula  for  obtaining  the  same 
results  by  observing  the  volume  of  oxygen  consumed  instead  of  the 
contraction.     If  B  represent  the  quantity  of  oxygen,  wo  shall  have 

B  =  ix  +  i//  +  2.7  , 

the  values  of  A  and  D  remaining  as  before,  ;r  =  A  -  D. 
z  is  thus  found — 

a;  +  7/  +  4^=2B, 
X  +  II+   z  =  A  , 

32  =  2B  -  A  ,     or 
2B-A 


For  y — 


2/=  D-^=: 

D  -  — o —  ,     01* 

3D-2B  +  A 
2/  = o 
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Thus  we  have — 

./•  =  A-D 

3D-2B  +  A 
V=  3 

2r>  -  A 


Having  thus  shown  the  mode  of  calculation  of  the  formulae,  it 
will  be  well  to  give  some  examples  of  the  formulae  cmi)loyed  in 
some  of  the  cases  which  most  frequently  present  themselves  in  gas 
analysis.     In  all  cases — 

A  ^  original  mixture  , 

C  =  contraction  , 

1)  =  carbonic  anhydride  produced. 

1.      Hydrogen   and   Nitrogen. 
H  =  ^;;  X  =  y. 

Excess  of  oxygen  is  added,  and  the  contraction  on  explosion 
observed  : — 

_2C 
^  — "3   , 

3A  -  2C 

v/= ^ ,  or  A-;r-. 

2.      Carbonic   Oxide   and   Nitrogen. 

CO  =  .A-;  N=//. 

The  gas  is  exploded  with  excess  of  oxygen,  and  the  amount  of 
carbonic  anhydride  produced  is  estimated  : — 

.r  =  D, 
//  =  A-D, 

3.      Hydrogen,   Carbonic   Oxide,   and   Nitrogen. 

H  =  :c;  CO  =  y;  N  =  2:. 

In  this  case  the  contraction  and  the  quantity  of  carbonic 
anhydride  are  measured  : — 

2C  - 1) 

3A  -  2C  -  2D 
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4.       Hydrogen,    Marsh   Gas,   and    ^Nitrogen. 


11 

—  ./•; 

CII^ 
2C- 

41) 

•> 

j: 

3 

■  i 

u- 

I), 
3A- 

•2C  + 1) 

3      "    • 

ij.       Carbonic   Oxide,    ^Earsli   Gas,   and    Nitrogen. 

C0=^;  CH^  =  //;  N=.v. 
41) -2C 


J'  = 


3 


2C-I) 
//  =  — g— > 

z=A-D . 


G.       Ilyilrogen,    Metliyl  (or  Ethylic    Hydride),  and 


Nitro 

gen. 

I 

/• 

;  C-^Il'> 

— //:  X  — v. 

4C- 

51) 

.*•  : 

G 
1) 

J 

u- 

=  2> 

3A- 

2C  +  1) 

— 

3 

7.       Carbonic  Oxide,  Methyl  (or  Ktliylic  Hydride), 

and   Xitrogen. 


CO 

-r;  C-H''— v;  X  —  .7. 

51)  -  4C 

2C-D 
U           3      ^ 

3  A  -  41)  +  20 

L    L 
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8.       Hydrogen,   Carbonic   Oxide,   and  Marsh   Gas. 

}l  =  x;  C0  =  2/;  CH^  =  r. 

.^•  =  A-D, 

3A-2C  +  T) 
//= ^ , 

_2C-3A  +  2p 

9.       Hydrogen,    Carbonic    Oxide,   and    Ethylic    Hydride 

(or   Methyl). 

n=j-,  C0=//;  C21F  =  .t. 

3  A  +  20  -  4D 

jt  = 

11  = 


3A- 
2C- 

6 
-2C  +  D 
3         ' 

-  3A  +  21 ) 

10.     Carbonic   Oxide,  Marsh   Oas,  and   Ethylic   Hydride 

(or   Methyl). 

CO  -:  X ;  Cll^  =  // ;  C'^H''  = ::. 

3A  -  2C:  + 1 ) 
•'■=  3       ~' 

3A  +  2C-41) 
//  = 3 

.V  =  1)  -  A  . 

11.       Hydrogen,    ^larsh    Gas,    and   Acetylene. 

U^-x',  CH^  =  //;  C^IF  =  .v. 

_5A-2C  -1) 
X  —  ^^  , 

//  =  2C-3A, 
_I)-2C-f3A 

'-  —  .7  > 

12.       Hydrogen,    Marsh    Gas,    and    Ethylic    Hydride 

(or   Methyl). 
H  =  .>-;  CIP  =  //;  CnV*  =  r„ 

This  mixture  cannot  be  analyzed  by  indirect  determination,  since 
a  mixture  of  two  volumes  of  hydrogen  with  two  volumes  of  ethylic 
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hydride  (or  methyl)  has  the  same  composition  as  four  vohunes  of 
marsh  ^nis — 

C-lF  +  H-=2Cn^; 

and,  consequently,  would  give  rise  to  the  same  i)roducts  on 
combustion  with  oxygen  as  pure  marsh  gas — 

C-H''  +  H2  +  < )« =  .2C0-'  +  40H2 ; 
2CH^  +  (^'^  =  2C02  +  40H2. 

In  this  case  it  is  necessary  to  estimate  hy  direct  determination  the 
cthylic  hydride  (or  methyl)  in  a  separate  jwrtion  of  the  gas  l)y 
absorption  with  alcohol,  another  ([uantity  of  the  mixture  Ijeing 
exploded  with  <>xygen,  and  the  amount  of  carbonic  anhydride  pro- 
duced and  measured.    If  the  quantity  absorlxjd  by  alcohol =E,  then 

^•  =  A-D  +  E, 
v/  =  I)-2E, 
F 

1.3.       Hydrogen,    Carbonic    Oxide,    Propylic    Hydride. 

U  =  x;  CO  =11]  cnv'^z, 

3A  +  4C  -  5D 
.r=—    -^ , 

3A-2C  +  r) 
?/=-      -3-     —  > 

2C  -  3  A  +  2D 

14.     Carbonic  Oxide,  Marsh  Gas,  and  Propylic  Hydride. 

CO  =  J- )  CII^  =  // ;  C'-^H^  = .:. 


3  A  -  2C  + 1) 
3  ' 

3A-f4C-5I) 


•''  = 6 

_]D-A 


15.        Carbonic    Oxide,    Ethylic    Hydride    (or    Methyl), 

and    Propylic    Hydride. 
CO  =  X ;  C-'H'  =  y ;  C'»H«  = ;;. 
3A-2C  +  D 

X  =  o » 

3A  +  4C-5D 

y  =  -        -3 

4D-3A-.2C 
.=        -3 

L   L   2 
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IG.       !Marsli   Gas,    Kthylic    Hydritlo    (or    Methyl),  and 

Propylic   Hydride. 

CII^  =  w  ;  C^ll"  =  // ;  C'^H"^  =  z. 

As  a  mixture  of  two  voluuies  of  marsh  ^as  and  two  of  iiropylic 
hydride  has  the  same  comi)osition  as  four  of  cthylic  hydride  (or 
methyl) — 

CH*  +  C-^H«  =  2C-IP, 

the  volume  ahsorl)ed  1)V  alcohol,  and  which  consists  of  ethvlic 
hydrid(}  (or  methyl)  and  propylic  hydride,  must  be  determined, 
and  another  portion  of  the  f^as  exploded,  and  the  contraction 
measured.     If  E  represents  the  volume  absorbed — 

^•  =  A-E, 

//  =  4  A  -  2C  +  2E  , 

;r=2C-4A-E. 

17.       Hydrogen,  Carbonic  Oxide,  and  Ethyl  (or  Butylic 

Hydride). 

H  =  ./-;  C()  =  //;  Cm^*'  =  ::. 

A  +  20  -  2T) 
..  = ^ , 

3A-2C4-D 
//- 3 , 

2G  -f  21)  -  3A 
''—  12   • 

18.       Xitrog(»n,    Hydrogen,    Carbonic    Oxide,    Ethylic 
Hydride   (or   Methyl),    and    IJutylic    Hydride    (or   Ethyl). 

y=.n;  n  =  n';  Ci)  =  j';  C-H"  =-  // ;  C^Hi^»  =  ;;. 

In  one  portion  of  the  gas  the  ethylic  hydride  (or  methyl)  and 
the  bntylic  hydride  (or  ethyl)  are  absorbed  by  alcohol ;  the  amount 
absorbed  ----  E. 

A  second  portion  of  tlui  original  gas  is  mixed  with  oxygen  and 
exploded,  the  amount  of  contracition  and  of  carbonic  anhydride 
))eing  moasuretl. 

The  residutj  now  contiiins  the  nitrog(jn  and  the  excess  of  oxygen; 
to  this  an  excess  of  hydrogen  is  added,  the  mixture  exploded,  antl 
the;  ('ontraction  me<\sured.  From  tliis  the  (piantity  of  nitrog(;n  is 
thus  obtained.     Eet — 

( r  =  excess  of  oxygen  and  nitrogen, 
/•  :=  cx(M^ss  of  oxygen, 
n  —  nitrogen, 
C  =  contraction  on  explosion  with  hydrogen. 
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Then  - 
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From    those    data    the    composition    of    the    mixture   can    be 
determined 

2C-1)     3E 

3  A  -  2C  + 1)  -  3n 
•"  = 3 ' 

3A-2C     2r)  +  12E-3w 
//=  6 

_2C      3A+21)-6E  +  3« 


MODIFICATIONS    AND    IMPBOVEMENTS    UPON    THE 

FOEEOOINO    PEOCESSES. 

jii  99.  Ix  the  method  of  gas  analysis  that  we  have  been  consider- 
ing, the  cahndations  of  results  are  somewhat  lengthy,  as  will  be 
seen  by  a  reference  to  the  exami)le  given  of  the  analysis  of  a 
mixture  of  air  and  carl)onic  anhydride  (page  497).  Besides  this,  the 
operations  must  be  conducted  in  a  room  of  uniform  temperature, 
and  considerable  time  allowed  to  elapse  between  the  manipulation 
and  the  readings  in  onler  to  allow  the  eudiometers  to  acquire  the 
temperature  of  the  surrounding  air ;  and,  lastly,  the  absorption  of 
gases  by  solid  reagsnts  is  slow.  These  disatl vantages  are  to  a 
great  extent  counterbalanced  by  the  simplicity  of  the  apparatus, 
and  of  the  manipulation. 

From  time  to  time  various  chemists  ^have  proposed  methods  by 
which  the  ojjcrations  are  much  hastened  and  facilitated,  and  the 
calculations  shortened.  It  will  Ik;  necessary  to  mention  a  few  of 
these  ])rocesses,  which,  however,  require  special  forms  of  apparatus. 

AVilliamson  and  Russell  have  dcscrihad  {Pntcpeflinr/fi  of  the 
R(njal  i<orietf/y  ix.  21H)  an  appanitus,  l)y  means  of  which  the 
gases  in  the  eudiometers  are  measured  under  a  constant  i)ressure, 
the  correction  for  tenii)erature  being  eliminated  by  varying  the 
column  of  mercury  in  the  tube  so  as  to  compensate  for  the  alteration 
of  volume  observed  in  a  tul)e  containing  a  standard  volume  of  moist 
air.     In  this  case  solid  reagents  were  employed  in  the  eudiometer*. 
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In  1864  they  published  (/.  0,  S,  xvii.  238)  a  further  develop- 
ment of  this  method,  in  which  the  absorptions  were  conducted  in 
a  separate  la])oratory  vessel,  by  which  means  the  reagents  could  be 
employed  in  a  jja^ty  condition  and  extended  over  a  large  surface. 

And  in  1868  Russell  improved  the  apjiaratus,  so  that  liquid 
reagents  could  be  used  in  the  eudiometers,  and  the  analysis  rapidly 
executed.  A  description  of  this  last  form  of  instrument  may  be 
found  in  /.  C.  S,  xxi.  128. 

The   gutta-i)ercha  mercury  trough  employed   is  provided  with 
a  deep  well,  into  which  the  eudiometer  can  be  depressed  to  any 
required  extent,  and  on  the  surface  of  the  mercury  a  wide  glass 
cylinder,  open  at  both  ends  and  filled  with  water,  is  placed.     The 
eudiometer  containing  the  gas  to  be  exiimined  is  suspended  within 
the  cylinder  of  water  by  means  of   a   steel  rod  passing  through 
a  socket  attached  to  a  stout  standaixl  firmly  fixed  to  the  tal.)le.     In 
a  similar  manner,  a  tube  containing  moist  air  is  placed  by  the  side 
of   the  eudiometer.      The   clamj)   supporting   this   latter  tube  is 
provided  with  two  horizontal  plates  of  steel,  at  which  the  column 
of  the  mercury  is  read  off.     When  a  volume  of  gas  has  to  Ikj 
measured,  the  i)ressure  tube  containing  the  moist  air  is  raised  or 
lowered,  by  means  of  an  iugenioush'  contrived  fine  adjustment, 
until  tlie  mercury  stands  very  nearl}'  at  the  level  of  one  of  the 
horizontal  steel  plates.      The  eudiometer  is  next  raised  or  lowered 
until  the  column  of  mercury  within  it  is  at  the  same  level.     The 
final  a<ljustment  to  bring  the  toj)  of  the  meniscus  exactly  to  the 
lower  edge  of  the  steel  l)ar  is  effected  by  sliding  a  closed  wiile  glass 
tul>e  into  the  mercury  trough.      Thus  we  have;  two  volumes  of  gas 
\uider  the  same  i>ressure  and  tem|)erature,  and  both  saturated  with 
moisture.     If  the  tom]»erature  of  the  watcjr  in  the  cylinder  increased, 
there  would  be  a  depression  of  the  columns  in  lioth  tubes ;  but  by 
lowering  the  tubes,  and    thus    incjreasing    the  pressure  until  the 
volume  of  air  in  the  pressure  tube  was  the  same  tus  ])efore,  it  would 
be  found  that  the  gas  in  the  eudiometer  was  rest<.)red  to  the  original 
volume.     Again,  if  the  barometric  i)ressure  incnjased,  the  volumes 
of  the  gases  would  be  diminished  ;  but,  by  raising  the  tubes  to  the 
necessary  extent,  the  previous  volumes  would  be  obtained.     There- 
fore, in  ;ui  anjdysis,  it  is  only  necessary  to  measure  the  gas  at 
a  pressure  ecpial  to  that  wliich  is  recpiired  U)  maintain  the  volume 
of  moist  air    in    the  pressure    tube    constant.     The  reagents  are 
introduced  into  the  eudiometer  in  the  li(piid  state  by  means  of 
a  small  syringe  made  of  a  piece  «»f  glass  tube  about  one-eighth  of 
an  inch  in  diameU;r.     For  this  purpose  the  (?udiometer  is  raised 
until  its  o[)en  end  is  just  below  the  surface  of  the  mercuiy,  and 
the  syringe,  which  is  curved  upwards  at  the  j)oint,  is  depressed  in 
the  trough,  passed  below  the  edge;  of  the  water-cylinder,  and  the 
extremity  of  the  syringe  introduced  into  the  eudiometer.      When 
a  sulKcient  (quantity  of  the  liquid  has  been  injected,  the  eudiometer 
is  lowered  and  again  raised,  so  as  to  moisten  the  sides  of  the  tube 
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with  the  liijuid,  and  thus  hasteu  tU«  ahs«)ri)tion.  Ton  minutes  "vvas 
found  to  bo  a  sutficient  time  for  the  absorption  of  car)  ionic 
anhydride  when  mixed  with  air. 

To  remove  the  liquid  reagent,  a  ball  of  moistened  cotton  wool  is 
employed.  The  ball  is  made  in  the  following  manner : — A  jiiece 
of  steel  wire  is  bent  into  a  loop  at  one  end,  and  some  cotton  wool 
tightly  wrapped  round  it.  It  is  then  dipped  in  water  and  8i]ueezed 
with  the  hand  under  the  liquid  until  the  air  is  removed.  The  end 
of  the  steel  wire  is  next  passed  through  a  jiiece  of  glass  tube, 
curved  near  one  end,  and  the  cotton  l>all  drawn  against  the  curved 
extremity  of  the  tube.  The  ball,  saturated  with  water,  is  now 
depressed  in  the  mercury  trough,  and,  after  as  much  of  tlie  watt^r 
as  ])0ssible  has  been  s<pieeze<l  out  of  it,  it  is  passed  below  the 
eudiometer,  and,  by  pushing  the  wire,  the  ball  is  brought  to  the 
surface  of  the  mercury  in  the  eudiometer  and  rapidly  alieorbs  all 
the  liquid  reagent,  leaving  the  meniscus  clean.  The  ImiU  is  removed 
with  a  slight  jerk,  and  gas  is  thus  prevented  from  adhering  to  it. 
It  is  found  that  this  mode  of  removing  the  li(j[uid  can  l)e  iised 
without  fear  of  altering  the  volume  of  the  gas  in  th«*  eudiometer. 

Carbonic  anhydride  may  be  absorbed  by  a  solution  of  jwtassic 
hy«lrat<?,  and  oxygen  by  means  of  potissic  hydrate  and  pyrogallic 
acid.  The  determination  of  ethylene  is  l)est  effe(;ted  by  means  of 
fuming  sulphuric  acid  on  a  coke  ball,  water  and  dilute  j)otas.sic 
hydrate  being  subse<picntly  introduced  and  removetl  by  the  ball  of 
<."ott<^^>n  W(jol. 

Doubtless  this  mode  of  using  the  lii[uid  reagents  might  l)e 
employed  with  advantage  in  the  ordinary  process  of  analysis  to 
dimini.sh  the  time  necessary  for  the  aUsorption  of  the  gases.  I»v 
this  jjrocess  (►f  Kussell's  the  cidculations  are  much  shortened 
and  facilitiited,  the  volumes  read  off  being  comparable  among 
themselves ;  this  will  be  seen  by  an  examjile,  taken  from  the 
original  memoir,  of  the  determinati»)n  of  oxygen  in  air — 

Volume  in  Tuhl© 

correBX>ondiuK' 

to  readiuK. 

Volume  of  air  t^iken  .         .         .  130*3         132-15 

Volume  after  absor])tion  of  oxygen] 

by   potassic   hydrate    and  pyro-  -       103*5         104*4G 
gallic  acitl         .         .         .         .  I 
132*15 
104*46 

27*69  volumes  of  oxygen  in  132*15  of  air. 
l.*V2*15  :  27*69  :  :   100  :  20*953  iKircentage  of  oxygen  in  air. 

Kussell  has  also  empli»yed  his  apparatus  for  the  analysis  of 
earl»onates  {J.  C  S.  [x.s.]  vi.  310).  For  this  purpose  he  ada])ted 
a  graduated  tube,  ()i>en  at  both  ends,  to  a  glass  tlask  by  means  of 
a  thick  piece  of  caoutchouc  tul>e.  Into  the  Hask  a  weighed 
<|uantity    of    a    carbonate    was    placed,    together   with    a    vessel 
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5  S'J- 


contniiiiiig  tUliito  iiciil.  The  ^)osition  of  the  mercury  in  tlii: 
gni<tiiatetl  ttil>e  wivs  fii'st  I'eiul  off,  iift^r  vthkh  the  flni^k  was  Rliuki?ii 
wi  as  to  Lriiig  tlie  nciil  nnd  carlMmate  in  cimtnct,  nml  tlio  iiicreaM!  in 
vdliiiiiR  wna  ihiu  to  tin-  onrboiiic  nnhj-driiie  cvolvei!.  The  results 
tlius  (ilttniiieil  ave  extremely  coiitordaiit 

In  eight  experiDieiiti)  with  soilic  curbonate  Ihc  |-ercciitngo  of 
rnrbiiiiii;  anhyiiriilii  found  viirieil  from  41-4H4  to  41G07,  theory 
liHUiirinf!  4r509. 

Thirteen  e.\)H^riments  with  ciilc-spnr  gave  from  43'520  to  43-8r>t«, 


ml  i 


lather  a 


the  theor(;tioal  ]>ercent)igc  Iwing  440; 
fi'..iii  43-5S1  to  43-901  were  ohtaineil. 

Two  exporimeiita  were 
made  with  manf.'aiiic  ]ier- 
I'xide,  oxalic  acid  and  siil- 
lihuricaciiljandgaveSf^i.W 
and  58-101  per  cent,  of 
eavlionip  anhj'drtde. 

iSimie  dt'terniinatious  (if 
the  (iiirity  nf  mngnosinni 
wtTC!  also  ]ierfoniie<l  hy  dis- 
e<dving  till-  metal  in  hydro- 
chloric aoiil  ami  mcnKurin^' 
the  resulting  hydroftoii. 
Four  ojieratinns  gave  nimi- 
hei-s  vai-j'iug  iK^tn-eeu  8-255 
and  ><-2&2.  TIir  met;d 
shoulil  yield  f-^-'Ct. 

KuHSell  has  also  em- 
liloyed  this  juiwesK  f'lr  the 
dett<  rill  illation  nf  tlu;  c<>iii' 
liining  jiMixirtimi!"  of  nickid 
and  col«lt  {J.  a  S.  [x.s.] 
vii.  2!14). 

Kejiinaiilt  nml  Heiset 
d.>s,.ril*<l(^!«i,.aii;i, />/,./". 
[.-!]  xxvi.  3:i:()  a»  aiTara- 
tus  Iiv  ivliiuh  alisnr]iti,.ii« 
L'ould  hi-  nipidly  .Mudm-ti'd 
hy  im-ans  of  Hiiuid  ii'agoiits 
hrought  in  contact  witli  thi^' 
gases  in  a  laboratory  tidn'. 
The  meaflnrements  are  madi- 
in  a  gnidiiati^il  tube,  whit-h  t-an  Ik-  jilaccd  in  comniimicatiou  with 
the  lidwmtory  tnlw  liy  nicanK  of  fine  cnpillniT  tulies  jiMvidi^d  with 
Btiiji-iocks,  the  lower  end  of  the  measuring  tnlie  Ijcing  lonnceted  by 
an  iron  socket  and  stoi>-coek  with  another  graduated  tuli-  in  whiL-h 
the  pressure  bi  which  the  gas  is  snlijected  is  nieasiired.  The 
nicnsnring  und  pressure  tubes  arc  surronnded  by  a  cylinder  of  water. 
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An  ai)i)aratiis  similar  in  principle  to  this  has  recently  heon 
constructed  by  Frankland,  and  is  fully  described  in  the  section 
on  "Water  Analysis  (g  89,  i)af;e  417). 

Frankland  and  "Ward  {J.  C.  S.  vi.  197)  made  several 
imi)ortant  improvements  in  the  api)aratus  of  Reguault  and 
Keis(^t.  They  introduced  a  third  tube  (fig.  94),  closed  at  the  tnp 
with  a  stopper,  and  which  is  made  to  iw.t  as  a  baromct(?r,  to  indicate 
the  ti^nsion  of  the  gas  in  the*  measuring  tube,  thus  rendering  the 
operation  entirely  independent  of  variations  of  atmospheric  pressure. 
The  correction  for  ai^ueous  vapour  is  also  eliminated,  by  introdueing 
a  drop  of  water  into  the  barometer  as  well  as  into  the  measuring 
tube,  tlie  i>ressures  produced  by  the  afpieous  va^iour  in  the  two 
tubes  thus  counterbalancing  one  another,  so  that  the  difference  of 
level  of  the  mercury  gives  at  once  the  tension  of  the  <lry  gas.  The 
measuring  tube  is  divided  into  ten  equal  divisions  (which,  for  some 
purposes,  require  to  be  calibrated),  and  in  one  analysis  it  is 
c(»nv«'nient  to  make  all  the  measurements  at  the  same  division,  or 
to  calculate  the  tensirm  which  would  be  exerted  by  the  gas  if 
measured  at  the  tenth  division.  Frankland  and  Ward  also 
mlapted  an  iron  tulx;  more  than  760  m.m.  long  at  the  bottom  of 
the  apparatus,  which  enables  the  operator  t<.>  expand  the  gas  to  any 
required  extent,  and  thus  diminish  the  violence  of  the  exi)lo8ions 
which  are  performed  in  the  measuring  tube.  During  the  oi)eration 
a  constant  stream  of  water  is  kept  flowing  through  the  cylinder, 
which  maintains  an  uniform  temperature. 

I5y  the  use  of  this  form  of  ai)paratus  the  calculations  of  analyses 
arc  much  sinqilified.  An  exanqile  of  an  analysis  of  atmosi)heric 
air  will  indicat(^  the  method  of  using  the  instrument. 

Volume  of  Air  used.     Determined  at  i3th   Division  on 

the  Pleasuring  Tub**. 


in.iu. 


Observed  height  of  mercury  in  barometer  .     673*0 

Height  of  5tli  division   ....     383*0 

Tension  o:  gas        .     290  0 

Oo 

Corrected  tension  of  gas  at  10th  division  .      14o*00 

Volume    after    Admission    of    Hydrogen.      Determined 

at  6th  Division. 

m.m. 

Ob.served  height  of  mercury  in  baron:eter  .     772*3 

Height  of  6th  division    ....     304*0 

Tei.sion  of  gas        .     468*3 

0*6 

Coirected  tension  at  10th  div.'sioii  .  .     280  98 
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Yoliime  after  Explosion.     Determined  at  5th  Division. 


m.in. 


Observed  height  of  mercury  in  l>arometer  .     763*3 

Height  of  5th  division   ....     383*0 


Tehsion  of  gas        .     380*3 

0-5 


Corrected  tension  «at  10th  division  .  .     190*15 

Tension  of  air  with  hydrogen     .  .  .     280*98 

Tension  of  gas  after  explosiiai   .  .  .190*15 

Contraction  on  explosion     .  .  .       90*83 

of  which  one-thinl  is  oxygen. 

90*83 

—o— =  30*276  =  volumes  of  oxygen  in  145*0  volumes  of  air 

145*0     :     30-276     :  :     100     :     x 

30*276x100 
./•=        iir.fj —  =  20 '88= percentage  of  oxygen  in  air. 

If  all  the  measurements  had  been  made  at  the  same  division,  no 
correction  to  the  t(;nth  division  would  have  been  necessarv,  as  the 
nund)ers  would  have  been  comparable  among  themselves. 

Another  modification  of  Frankland  and  Ward's,  or 
Reguault's  apparatus  has  been  designed  by  McLeod  (/.  C.  S. 
[n.s.]  vii.  313),  in  which  tlie  original  pressure  tube  of  Reguault's 
apparatus,  or  the  filling  tube  of  Frankland  and  AVard,  is 
dispensed  with,  the  mercur}'  b(»ing  admitted  to  the  a])paratus 
through  the  stop-cocks  at  the  bottom. 

The  measuring  tube  A  (fig.  95)  is  900  m.m.  in  length,  and  about 
20  m.m.  in  internal  diameter.  It  is  marked  with  ten  divisions,  the 
fii*st  at  25  m.m.  from  the  top,  the  second  at  50,  the  third  at  100, 
and  the  remaining  ones  at  intervals  of  100  m.m.  In  the  upper 
part  of  the  tube,  platimmi  wires  are  sealed,  and  it  is  terminated  by 
a  ca[)illary  tul)e  and  fine  glass  stop-cock,  a,  the  ca[)illary  tube  being 
bent  at  right  angles  at  50  m.m.  above  the  junction.  At  the  bottom 
of  the  tube,  a  wide;  glass  stoji-cock //is  sealed,  which  communicates, 
l.)y  means  of  a  caoutcliouc  joint  surrounded  with  Uipe  and  well 
wired  to  the  tubes,  with  a  branch  from  the  barometer  tube  L. 
This  latter  tube  is  5  m.m.  in  witlth,  and  about  1200  m.m.  long, 
and  is  graduated  in  millimeters  fr<»m  bottom  to  top.  At  the  ujjper 
extremity  a  glass  stop-cock  d  is  joined,  the  l)wer  end  being  curved 
and  connected  by  caoutchouc  with  a  stoi)-cock  and  tube  C, 
descending  through  the  table  to  a  disUuice  of  900  m.m.  below  the 
joint.  It  is  advisable  to  place  washers  of  leather  at  the  end  of  the 
plugs  of  the  stojMiocks  c  and  h,  as  the  pressure  (»f  the  mercury 
which  is  afterwards  to  be  introduced  has  a  tondencv  to  force  them 
out ;  if  this  sliould  happen,  the  washers  prevent  any  great  escape 
of  mercurv. 
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The  two  tubes  are  firmly  held  by  a  clamp  D,  on  which  rests 
a  wide  cylinder  E,  about  55  m.m.  in  diameter,  surrounding  the 
tubes,  and  adapted  to  them  by  a  water-tight  caoutchouc  cork  F. 
The  cylinder  is  maintained  in  an  upright  position  by  a  support  at 
its  upper  end  G,  sliding  on  the  same  rod  as  the  clamp.  Around 
the  upper  part  of  the  barometer  tube  a  syphon  H  \8  fixed  by  means 
of  a  perforated  cork,  through  which  the  stop-cock  d  passes.  A  small 
bulb-tube  e,  containing  some  mercury,  is  also  fitted  in  this  cork,  50 
as  to  allow  of  the  air  being  entirely  removed  from  the  svphon.  The 
syphon  descends  about  100  m.m.  within  the  cylinder,  and  has 
a  branch  at  the  top  communicating  by  caoutchouc  with  a  bent  tube 
contained  in  a  wider  one  J  affixed  to  the  support.  A  constant 
current  of  water  is  supplied  to  the  cylinder  through  a  glass  tube, 
which  passes  to  the  bottom,  and  escapes  through  the  syphon  and 
tubes  to  the  drain. 

To  the  end  of  the  narrow  tube  C  is  fastened  a  long  piece  of 
caoutchouc  tube  K,  covered  with  tape,  by  which  a  communication 
is  established  with  the  mercurial  reservoir  L,  suspended  by  a  cord 
so  that  by  means  of  the  winch  M,  it  may  be  raised  above  the  level 
of  the  top  of  the  barometer  tube.  As  the  mercury  frequently  forces 
its  way  through  the  pores  of  the  caoutclio\ic  tube,  it  is  advisable 
to  surround  tlie  lower  part  with  a  piece  of  wide  flexible  tube ;  this 
prevents  the  scattering  of  the  luercury,  which  collects  in  a  tray 
placed  on  the  Hoor.  Into  the  bottom  of  the  trav  a  screw  must  be 
l>ut,  to  which  the  end  of  the  glass  tube  is  firmly  attached  by  wire. 
The  capillary  stop-cock  a  is  provided  with  a  steel  caj),  by  means  of 
which  it  ma}'  be  adapted  to  a  short  and  wide  laboratory  tube 
capable  of  holding  about  150  c.c,  and  identical  in  form  witli 
the  one  described  in  the  section  on  Water  Analysis  (§  89).  The 
mercurial  trough  for  the  laborator}'  tube  is  jirovided  with  a  stand 
with  rings,  for  the  ])urpose  of  holding  two  tubes  containing  gases 
that  may  be  required. 

The  apparatus  is  used  in  the  same  way  as  Frankland  and 
AVartl's,  excej^t  that  the  mercury  is  raised  and  lowered  in  the  tubes 
by  the  movement  in  the  reservoir  L,  instead  of  by  pouring  it  into 
the  centre  supply-tube. 

To  arrange  the  apparatus  f(»r  use,  the  reservoir  L  is  lowered  to  the 
ground,  and  mercury  poured  into  it.  The  laboratory  tube  being 
removed,  the  stojvcocks  are  all  opened,  and  the  reservoir  gradually 
raised.  When  the  tube  A  is  filled,  the  stop-cock  a  is  closed,  and 
the  reservoir  elevated  until  mercury  fiows  through  the  stop-cock  fl  at 
the  top  of  the  barometer.  It  is  convenient  to  have  the  end  of 
the  tube  al)0ve  the  stop-cock  so  bent  that  a  vessel  can  be  placed 
below  to  receive  the  mercury.  This  bend  must,  of  course,  be  so 
short  that,  when  the  plug  of  the  stop-cock  is  removed,  the  syphon 
will  pass  readily  over.  When  the  air  is  expelled  from  the  barometer 
tube,  the  stop-cock  is  closed.  A  few  drops  of  water  must  next  be 
introduced  into  the  barometer:  this  is  accomplished  by  lowering 
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the  reservoir  to  a  sliort  distjince  ])elo\v  the  t(^])  of  the  baroinotor,  aiul 
^'ently  opening  the  sto[)-coek  <1,  while  a  small  lupette,  from  which 
water  is  (lroi)i)in^,  is  held  a*;aiiist  the  orifice,  the  stop-cock  being 
closed  when  a  suthcient  amount  of  water  has  penetrated  into  the 
tube.  \n  i\\<y  same  manner,  a  small  quantity  of  water  is  ])assed  into 
the  measuring  tube.  In  order  U)  get  rid  of  any  bubbles  of  air  which 
may  still  linger  in  the  tubes,  the  reservoir  is  lowered  to  the  ground 
so  as  to  i)roduce  a  vacuum  in  the  apj»aratus;  in  this  manner  the 
interior  surfaces  of  the  tubes  l»ecomo  moistened.  The  reservoir  is 
now  gently  raised,  thus  refilling  the  tubes  with  mercury.  (Jreat 
care  must  be  taken  that  the  mercury  does  not  rush  suddenly  against 
the  tops  of  the  measuring  and  barometer  tubes,  which  might  cause 
their  destruction.  This  may  be  avoided  by  regulatinj'  the  flow  of 
mercury  bv  means  of  the  stop-cock  r,  which  may  be  ccmveniently 
turned  by  a  long  key  of  wood,  resting  against  the  uj>per  table  of 
the  sliding  stand  of  the  mercurial  trough.  AVhen  the  reservoir 
has  again  been  ehjvated  abcvci  the  top  of  Wu\  barometer,  tin; 
stop-co(!ks  of  the  measuring  and  barometer  tubes  are  opened,  and 
tlui  air  and  water  which  have  collected  allowed  to  escap(^ 

The  heights  of  the  mercurial  columns  in  the  barometer,  corre- 
spnniling  to  the  ditten*nt  divisions  of  the  measuring  tube,  have  now 
to  be  determined.  This  is  done  by  running  out  all  the  mercury 
fr<»m  the  tub^s,  and  slowly  readmitting  it  until  the  meniscus  of  the 
mercury  just  touches  tiie  lowest  division  in  the  measuring  tube. 
This  may  be  very  ct»nveniently  managed  by  observing  the  division 
through  a  small  t<descope  of  short  focus,  and  sufficiently  (dose  to  the 
apparatus  to  jKirmit  of  the  key  of  the  stop-cock  r  being  turned,  while 
the  <'ye  is  still  at  the  t(descoiK».  When  a  nsuling  is  taken,  the 
black  screen  O  bchiml  the  apparatus  must  be  moved  by  means  of 
th(i  winch  1*,  until  its  lower  edge  is  about  a  millimeter  above  the 
division.  The  telescope  is  now  directed  to  the  barometer  tube,  and 
the  ])osition  <»f  the  mercury  carefully  noted.  As  the  tubes  only 
Ciintain  aipieous  va]>(mr,  and  are  both  of  the  same  temjun'ature,  the 
columns  in  the  two  tubes  are  those  which  exactly  counterbalance 
one  another,  and  any  difference  of  level  that  nuiy  be  noticed  is  due 
to  cajnllarity. 

The  same  operation  is  now  rejicafed  at  each  division  of  the  tube. 
The  meiusuring  tube  next  rei^uires  calibration,  an  operation  i)erformed 
in  a  manner  i»erfectly  similar  to  that  descril)ed  in  S  S9  (l»age  420), 
namely,  by  filling  the  metusuring  tube  with  water,  and  weighing  th(j 
([uaiitities  contained  between  every  two  divisions.  The  eudiometer 
being  filled  with  water,  ajid  tlu;  stop-cock  h  closed,  the  reservoir  is 
raised  and  the  mercury  allowed  to  rise  to  the  toj)  of  the  barometer. 
The  ca}>illary  stop-cock  a  having  been  ojjcned,  the  cock  h  is  gently 
turncil,  and  the  water  allowed  to  flow  out  until  tin;  mercury  reaches 
t!ie  lr>west  division  of  the  tul)e.  A  carefully  weighed  flask  is  now 
supjiortetl  just  below  the  steel  ea]^,  the  stop-cock  h  again  opened, 
until  the  next  division  is  reached,  and  the  quantity  of  water  is 
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-weighed,  the  temperature  of  the  -water  in  the  wide  cylinder  beinj^ 
observed.  The  same  operation  is  repeated  at  each  division,  and  by 
calcuhition  the  exact  contents  of  the  tube  in  cubic  centimeters  may 
be  found. 

In  this  manner,  a  table,  such  as  the  following,  is  obtained  :  — 


Divisiou 

on 

ineasurinj? 

tuho. 

Hciffht  of  Mercury  in 

Biirometer  tul»e 

correspoudiuff  to 

division. 

Contents. 
Cubic  Centimeters.                   Log. 

1 

756-9 

8-6892 

0-9389S14 

2 

700-7 

18-1621 

1-2591664 

3 

606  \s 

36-9307       , 

1-5673880 

4 

506-5 

55-7344 

1-7461232 

5 

406-8 

74-4299 

1-8717477 

G 

306-8 

93-3306 

1-9700244 

206-9 

112-4165       ' 

2-0508303 

8 

107-0 

131-6335 

21193666 

9 

7-1 

i       151-1623 

2-1794435 

When  a  gas  is  to  be  analyzed,  the  laboratory  tul)e  is  filled  with 
mercury,  either  by  sucking  the  air  out  through  the  capillary 
stop-cock,  while  the  o])en  end  of  the  tube  stands  in  the  trough,  or 
much  m(n-e  conveniently,  by  exhausting  the  air  through  a  ])iece  of 
flexible  tube  ])assed  under  the  mercury  to  the  toi>  of  the  laboratory 
tube,  the  small  quantity  of  air  remaining  in  the  sto])-cock  and  at 
the  toj)  of  the  wide  tube  being  afterwards  very  readily  withdrawn. 
The  face  of  one  of  the  steel  pieces  is  greased  with  a  small  <|uantity 
of  resin  cerate,  and,  the  measuring  ai)i)aratus  l)eing  full  of  mercury, 
the  clamj)  is  adjusted. 

licfore  the  introduction  of  the  gas,  it  is  advisable  to  ascert^iin  if 
the  capillary  tubes  are  clear,  as  a  stoppage  may  arise  from  the 
admission  of  a  small  (piantity  of  gre;ise  into  one  of  them.  For 
this  pur[)ose  the  globe  L  is  raised  above  the  level  of  the  top  of  the 
measuring  tube,  and  th(J  cai)illary  stop-cocks  opened  ;  if  a  free 
])assage  exists,  the  mercury  will  be  seen  to  flow  through  the  tubes. 
The  stoi)-cock  of  the  laboratory  tube  is  now  closed.  When  all  is 
properly  arranged,  the  gas  is  transferre<l  into  the  laboratory  tidje, 
and  the  stop-cock  opened,  admitting  a  stream  of  mercury.  The 
cock  c  is  gently  turned,  so  as  just  to  arrest  the  flow  of  mercury 
through  the  apparatus,  and  the  reservoir  lowered  to  about  tlie  level 
of  the  table,  which  is  usually  sutticient.  By  carefully  opening  the 
cock  f,  the  gas  is  drawn  over  into  the  measuring  tube,  and  when 
the  mercury  has  reached  a  j)oint  in  the  caj^illary  tube  of  the 
laboratory  tuln?,  about  midway  between  the  bend  and  the  sto[>-cock, 
the  latter  is  quickly  closed.  It  is  necessary  that  this  stoj^cock 
should  be  very  perfect.     This  is  attained  by  gi-inding  the  plug  into 
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the  scK'ket  Avitli  fine  levi^'ated  rouge  and  solution  of  s<:Klic  or  pot^issic 
hydrate.     By  this  means  the  |)kig  and  socket  may  he  poHslied  so 
that  a  very  small  (juantity  of  resin  eerate  and  a  drop  of  oil  renderti 
it  perfectly  gas-tight.     In  grinding,  care  must  be  taken  that  the 
operation  is  not  carried  on  too  long,  otherwise  the  hole  in  the  plug 
may  not  coinridc  with  the  tubes.     If  this  stoi>-cock  is  in  sufficiently 
good  order,  it  is  unnecessary  to  close  the  stop-cock  aduring  an  analysis. 
Tho.  mercury  is  allowed  to  How  out  of  the  apparatus  until  its 
surface  is  a  short  distance  below  the  division  at  wliich  the  measure- 
ments arc  to  be  made.     The  selccticm  of  the  division  depends  on 
th(i  quantity  of  gju<  and  the  kind  of  experiment  to  1k3  performed 
with  it.     A  saving  <»f  calculation  is  ellected  if  all  the  measurements 
in  one  analvsis  are  carried  on  at  the  same  division.     AVhen  the 
mercury  has  descended  below  the  division,  the  cock  r  is  closed,  the 
res(?rvoir  raised,  and  the  black  screen  moved  until  its  lower  edge  is 
about  a  millimeter  above  the  division,  and  the  telescope;  placed  so 
that  the  image  of  the  division  coincides  with  the  cross-wires  in  the 
cye-i)iece.     The  sto]vcock  r  is  now  gently  oi)ened  until  the  meniscus 
just  touches  the  division  ;  the  cock  is  closed  and  the  height  of  the 
mercury  in  the  bjirometer  is  measured  by  means  of  the  telescojie. 
The  dilierencc  between  the  remling  of    the  br\rometer,  and   the 
number  in  the  tiible  corresponding  to  the  division  at  which  the 
measurement  is  taken,  gives  in  millimeters  the  tension  of  the  gas. 
The  volume  of  the  gas  is  fonnd  in  the  same  table,  anil  with  thci 
tem])erature  which  is  read  off  at  the  same  time  as  the  ])ressure,  all 
the  data  recjuired  for  the  calcidation  of  the  volume  of  the  gas  at 
0'   and   TOO   m.m.  are  obtained.      Xo  correction   is  rcipiired  for 
ttmsion  of  ajpieous  vapour ;  the  measuring  tube  and  barometer  tube 
being  both  moist,  the  tensions  in  the  tubes  are  counterbalanced. 
Absori)tionsare  performed  with  li<piid  reagents  by  introducing  a  few 
droi)s  of  the  li<[uiil  into  the  lal>oratory  tube,  transferring  the  gas 
into  it,  and  allowing  the  mercury  to  tlrop  slowly  through  the  gas  for 
about  live  minutes.     The  gas  is  then  p;issed  over  into  the  measuring 
tube,  and  the  dillerence  of  tension  observed  corresponds   to  the 
amount  of  gas  absorbe<l.     It  is  scarcely  necessary  to  add,  that  the 
greatest  care  must  be  taken  to  prevent  any  trace  of  the  reagent 
pa.ssing  the  stoi)-cock.      If    such  an  ac<'ident  should  occur,   the 
measuring  tube  must  be  washed  out  several  times  with  distilled 
water  at  the  conclusion  of  the  analysis.     If  the  reagent  is  a  solution 
of  potassic  hydrate  it  may  b(j  got  rid  of  by  introducing  into  the  tube 
some  distilled  water,  to  which  a  droj)  of  sulphuric  acid  has  been 
added.     If  this  licpiid  is  found  to  be  acid  on  removing  it  from  the 
tube,  it  may  be  presumed  that  all  the  alkali  has  been  neutralized. 

"When  explosions  are  to  be  performed  in  the  apparatus,  the 
gas  is  tirst  measured  and  then  n; turned  ti3  the  laboratory  tube. 
A  quantity  of  oxygen  or  hydrogen,  as  the  case  may  be,  which  is 
judgfrd  to  be  the  i>roi)er  volume,  is  transferred  into  the  laborat<.)ry 
tube,  and  some  mercury  is  allowed  to  stream  through  the  gases  so 
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as  to  mix  them  thoroughly.  The  mixture  is  next  passed  into  the 
eueliometer  and  measured.  If  a  sutticient  quantity  of  the  se.?ond 
gas  lias  n<^t  been  added,  more  can  readily  he  introduced.  After 
the  measurement,  it  may  be  fidvisable  to  expand  the  mixture,  in 
order  to  diminish  the  force  of  the  explosion.  This  is  done  by 
allowing  mercury  Uj  flow  out  from  the  tube  into  the  reservoir. 
AVhen  the  proj)er  amount  of  expansion  has  been  reached,  the 
stop-cocks  a  and  h  are  closed.  To  enable  the  electric  spark  to  pass 
between  the  wires,  it  is  necessary  to  lower  the  level  of  the  w^ater  in 
the  cylinder.  For  this  purpose,  the  bent  glass  t\ibe  at  the  extremity 
of  the  syi)hon  is  made  to  sliile  easily  through  the  cork  w-hich  closes 
the  top  of  the  wide  tube  J.  lly  depressing  the  bent  tube,  the 
water  Hows  out  more  rapidly  than  before,  and  the  level  consequently 
falls.  AVhen  the  surface  is  below  the  eudiometer  wires,  a  spark 
from  an  induction-coil  is  passed,  exploding  the  gas.  The  syphon 
.tube  is  immediately  raised,  and,  when  the  water  in  the  cylinder  has 
reached  its  original  level,  the  gas  is  cool  enough  for  measurement. 
900  c.c.  of  mercury  are  amply  sutticient  for  the  whole  appartxtus ; 
and  as  there  is  no  cement  used  to  ftusten  the  wide  tubes  into  iron 
sockets,  a  great  ditticulty  in  the  original  apparatus  is  avoided. 

The  following  details  of  an  analysis,  in  which  absorptions  only 
were  performed,  will  show  tlie  method  employed.  The  gas  was 
;i  mixture  of  nitrogen,  oxygen,  and  carbonic  anhydride,  and  the 
measurements  were  all  made  at  division  No.  1  on  the  eudiometer, 
which  has  been  found  to  contain  8*G8y2  c.c. 

Orig^inal  Gas. 

m.m. 

Temperature  of  wati'r  in  cylinder,  15"4r'. 

Height  of  mercury  in  barometer  tube  ....  980*5 

„         „  cuirc?i)onding  to  Divisi(m  Xo.  1  (see 

Table)  .         .         .         .         .         .         .         .         .         .756*9 

J're.ssure  of  the  gas  .         .  .  .  .  .  .  .   223*(> 

After  absorption  of  the  carbonic  anhydride  by  solution 
of  potjisisic  hydrate — 
Hei'dit  of  mercurv  in  barometer  tube  ....  941*7 

„         „  corresponding  to  Division  No.  1 

l^icssure  of  the  gas  after  removal  of  carbonic  anhydride 

l*ressure  of  original  gas     ...... 

,,  gas  after  removal  of  carbonic  anhydride    . 

Tension  of  carbonic  anhydride  ..... 

After  a1)sorption  of  the  oxygen  by  potassic  pyrogallatc — 
Height  of  mercury  in  barometer  tube  ....  SSb'4: 

corresponding  to  Division  Xo.  1         .  756*9 


756*9 
184*8 

223*6 
184*8 

.38-8 


5>  )» 


Pressure  of  nitrogen  .......   128*5 
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Pressure  of  oxygen  ami  nitrogen 
nitrogen . 


»> 


»» 


oxvj'en 


184-8 
128-5 

56-3 


Tiiese  measurements,  therefore,  give  us  the  following  numbers : — 


Pressure  of  nitrogen 


oxygen    .  .  . 

carbonic  anhydride  . 

original  gas 


m.m. 

.  128-5 
.  56-3 
.     38-8 

.  223-6 


If  the  percentage  composition  of  the  gas  is  required,  it  is  readily 
obtained  by  a  simple  j^roportion,  the  temperature  having  remained 
ci^nstant  during  the  experiment : — 

m.in. 

:     1-28-5     :  :     100 
:       56-3     :  :     100 

:       38-8     :  :     100  

100,000 

If,  however,  it  is  necessary  to  calculate  the  number  of  cubic 
centimeters  of  the  gjises  at  0'  and  760  m.m.,  it  is  done  by  the 
followinix  formulae : — 


m.m. 

2-23-6 
223-6 
223-6 


m.m. 

57-469  per  cent.  X 
25-179  per  cent.  U 
17-352  percent.  CO- 


*o 


8-6892  X  128-5  ,  «oAn  (     -*. 

v.«       v^      ,  =  1-3906  c.c.  of  nitrogen. 
760  x[l +(0003665  X  15-4)]  ^ 

8-6892  X  56-3  ,.  cn(\^  f 
____  =  0*6093  c.c.  of  oxvgen. 

760  x[l+ (0-003665  X  15-4)]  *^ 

8^92  X  38-8  ^  Q.^^gg  ^  ^  ^^  carbonic  anhydride 

760  X  [1  +  (0-003665  x  15-4)]  ^ 

=  2-4198  c.c.  of  the  original  gas. 


8-6892  X  223-6 


760  X  [1  +(0-003665  x  15-4)] 

If  many  of  the  calculations  are  to  be  done,  they  may  be  very 
much  8imi)lified  by  constructing  a  table  containing  the  logarithms 
of  the  (piotients  obtained  by  dividing  the  contents  of  each  division 
of  the  tube  by  760  x  (1 +0-003665/).  The  following  is  a  very 
short  extract  from  such  a  table  : — 


T'. 

DiTiBioa  No.  1. 
T  ^„         8-6892 

^"^•r«ox(i+8f). 

2-03492 

Division  No.  2. 
Lor         ^^'^^^l 

^'7flox(r+ao. 

15-0 

2-35511 

•1 

2-03477 

2-35496 

•2 

2-03462 

2-35481 

-3 

2-03447 

2-35466 

-4 

2-03432 

2-34451 

M   M 
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By  adding  the  logarithms  of  the  tensions  of  the  gases  to  those 
in  tlie  alx)ve  table,  the  logarithms  of  the  quantities  of  gases  are 
obtained  ;  thus : — 

Log.  corresponding  to  Division  2so.  1, 

and  15-t^ 203432 

Log.  128 '5  =  pressure  of  nitrogen    .     2*10890 

Log.  of  quantity  of  nitrogen    . 
Volume    of    nitrogen    at    0"*   and 
760  m.m.  .... 


0-14322  =  log.  1-3906 
1-3906  C.C. 


Log.  56-3  =  pressure  of  oxygen 

Log.  of  quantity  of  oxygen 

A^olume    of    oxygen    at    0"*    and 
760  m.m.  .... 


203432 
1-75051 
T-78483  =  log.  0-6093 

0-6093  c.c. 

203432 

Log.  38*8  =  pressure  of  carbonic  anhv-    _ 

dride \     1-58883 

Log.  of  quantity  of  carbonic  anhy-  _ 

dride. 1*62315  =  log.  0-4199 

A'olume  of  carbonic  anhydride  at 

0'^  and  760  m.m.       .         .         .  0-4199  c.c. 

2-03432 
Log.  223*6  =  pressure  of  original  gas     2-34947 

Log.  of  (quantity  of  original  gas 


0-38379  ==lo<r.  2-4198 


Volume  of  original  gas  at  0"  and 
700  m.m.  .... 

^^'itrogeu 

("Oxygen 

Carl)onic  anhydride 

Total 


.     2-4198  c.c. 

1-3906  or  1*391  c.c. 
0-6093  or  0-609  c.c. 
0;4199     or     0-420  c.c. 

2^4198     or     iR20  c.c. 


The  following  example  of  an  analysis  of  coal  gas  will  show  the 
mode  of  working  with  this  ai>i)aratus,  and  the  various  operations  to 
be  performe«l  in  order  to  determine  the  carl)onic  anhydride,  oxygen, 
hydrocarbons  ab.^orbed  by  Xordhausen  sulphuric  acid,  hydrogen, 
marsh  gas,  carbonic  oxide,  and  nitrogen. 

The  measuring  tube  and  laboratory  tube  were  first  filled  with 
mercury,  some  of  the  gas  introduced  into  tlie  laboratory  tube,  and 
passed  into  the  apparatus. 

The  gas  was  measured  at  the  second  division. 

Height  of  mercury  in  the  barometer  tube  .     989*0 

„  „  „      measuring  tube  .     706*8 

Pres-sure  of  the  gas  at  16*6^     282*2 
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Two  or  tliree  drops  of  a  solution  of  potassic  hydrate  were 
now  placed  in  the  laboratory  tiil>e,  and  the  gas  passed  from  the 
measuring  tube,  the  mercury  l^eing  allowed  to  drop  through  the 
gas  for  ten  minutes.     On  measuring  again — 

Height  of  mercury  in  ])arometer         .         .         .     984*0 

Some  saturated  solution  of  pyrogallic  acid  was  introduced  into 
the  laboratory  tube,  and  the  gas  left  in  contact  with  the  liquid  for 
ten  minutes.     On  measuring — 

Height  of  mercury  in  barometer         .         .         .     983  6 

Height  of  mercury  w^hen  measuring  original  gas.     989*0 
„  „         after  absorption  of  CO-         .     984*0 

Pressure  of  CO-         5*0 


after  absorption  of  CO-         .     y84*0 
„         after  absorption  of  O    .         .     983*6 

Pressure  of  0         0*4 


The  volume  of  the  gases  being  proportional  to  their  pressures,  it 
is  simple  to  obtain  the  percentages  of  carbonic  anhydride  and 
oxygen  in  the  original  gas. 

OriKinal  isna.  CO- 

2.^2-2       :       50       ::       100       :       1*772  per  cent.  CO- 

Orivrinal  ^s.  O 

282*2       :       0-4       ::       100       :       0*142  percent.  O 

1*914 


By  subtracting  1*914  from  100,  we  obtain  the  remainder, 
9«S*08G,  consisting  of  the  hy«lrocar]>ons  absorbed  by  Xordhausen 
sulphuric,  acid,  hydrogen,  carbonic  oxide,  marsh  gas,  and  niteogen ; 
thus : — 

Original  gas 100*000 

O  and  CO- 1*914 

Cnir-n.  H.  CO.  CH^.  X 98*086 

While  the  gas  remains  in  the  measuring  tube,  the  laboratory  tube 
is  removed,  washed,  <lrieil,  filled  with  mercury,  and  again  attached 
tt)  the  ajiparatus.  ^luch  time  is  saved  by  replacing  the  laborotory 
tube  bv  a  second,  which  was  ]>reviouslv  read  v.  As  a  minute 
([uautity  of  gas  is  lost  in  this  operation,  in  .consequence  of  the 
amount  between  the  stop-cocks  l)eing  replaced  by  mercury,  it  is 
advisable  to  pass  the  gas  into  the  laboratory  tube,  then  transfer  it 
.to  the  eudiometer,  and  measure  again. 

On  remeasuring,  the  mercury  in  the  barometer 

stood  at         ....••         .     983*3 
The  mercury  in  the  measuring  tube    .         .         .     706*8 

Pressure  of  CnH-'n.  H,  CO.  CH^.  X.     276^ 

M   31   2 
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The  ^as  is  again  passed  into  the  laboratory  tube,  and  a  coke  ball, 
soaked  in  fuming  sulj>liuric  acid,  left  in  contact  with  the  gi\s  for 
an  hour ;  the  bullet  is  then  withdrawn,  and  some  potassic  hydrate 
introduced  and  left  in  the  tube  for  ten  minutes,  in  order  to  remove 
the  vapours  oi  sulj)huric  anhydride,  and  the  sulphurous  and 
carl  ionic  anhydrides  formed  during  the  action  of  the  Xordhauseii 
acid  on  the  gas.     The  gas  is  now  measured  again. 

Height  of  mcrcur}'  in  barometer  tube  .         .     969  3 

„  „  „  before  absorbing 

CnH-n 983-3 

after         .         .     969*3 


j>  >>  yy 


Pressure  of  CnH-n       14  0 


The  percentage  of  these  hydrocarbons  is  thus  found  : — 
Gas  containinjr  CnH^n.  H.  CO.  CH^.  X. 


CnHi'n. 


276-5     :     14  0     :  :     98*086     :     4*966  per  cent.  CnH-^n 

It  now  remains  to  determine  the  hydrogen,  carbonic  oxide,  marsh 
ga.s,  and  nitrogen  in  a  portion  of  the  residual  gas.  The  laboratory 
tube  is  therefore  removed,  some  of  the  gas  allowed  to  escape,  and 
another  laboratory  tube  adapted  to  the  apparatus.  The  portion  of 
gas  remaining  is  expanded  to  a  lower  ring  (in  this  special  case  to 
the  third  division),  and  the  tension  measured : — 

Height  of  mercury  in  the  l^arometer  tube   .         .     642*2 

measuring  tube  .         .     606*7 


>>  j> 


Pressure  of  residue       35*5 


An  excess  of  oxygen  has  now  to  be  added.  For  this  })urpose 
the  gas  is  passed  into  the  laboratory  tube,  and  about  five  times  its 
volume  of  oxygen  introduced  from  a  test  tube  or.  gas  pipette.  The 
necessary  quantity  of  oxygen  is  conveniently  estimated  by  the  aid 
of  rough  gmduations  on  the  laboratory  tube,  which  are  made  by 
introducing  successive  quantities  of  air  from  a  small  tuVie  in  the 
manner  previouslv  described  for  the  calibration  of  the  eudiometei*s. 

After  the  introduction  of  the  oxygen,  the  mixed  gases  are  passed 
into  the  eudiometer  and  measured. 

Height    of    mercurv   in    the    eudiometer    after 
•  addition  of  0         .         .         .         .         .         .     789 '5 

The  mixture  has  now  to  be  exploded,  and  when  the  pressure  is 
considerable,  it  is  advisable  to  expand  the  gas  so  as  to  moderate  the 
violence  of  the  explosion.  When  sufficiently  dilated,  the  stop-cock 
at  the  bottom  of  the  eudiometer  is  closed,  the  level  of  the  water 
lowered  beneath  the  ])latinum  wires  by  depressing  the  syphon,  and 
the  sjjark  passed.  The  explosion  should  be  so  j)owerful  that  it 
should  be  audible,  and  the  liash  risible  in  not  too  bridit  davliffht. 
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The  stop-cock  at  the  Ijottom  of  the  einliometer  is  now  opened, 
and  tlic  gas  luoasiired. 

Height  of  mercury  in  barometer  after  explosion  .     732'5 

Tlie  difference  between  this  reading  and  th)  previous  one  gives 
the  contraction  produced  ]>y  the  explosion : 

Height  of  mercury  in  barometer  before  explosion     789 '5 
„  „  „  after  „  732*5 

Contraction =C       57  Q 

It  is  now  ne<essary  to  estimate  the  amount  of  carbonic  anhydride 
f<»rmed.  This  is  done  l>y  absorbing  with  j)Otassic  hydrate  as  before 
described. 

Height    of    mercury    in    baromeU^r    tube*  after 

ai»sorbing  CO- 715-8 

This  number  <leducted  from  the  last  reading  gives  the  carbonic 
anhydride. 

Heiglit  of  mercury  in  barometer  after  exploding       732*5 
„  „  „     after  absorbing  CO-     715-8 

Carbonic  anhvdride=D       16*7 

It  now  remains  to  determine  the  (piantity  of  oxygen  which  was 
not  consumed  in  the  explosion,  and  which  excess  now  exists  mingled 
with  the  nitrogen.  For  this  purpose,  a  volume  of  hydrogen  a1>out 
tlnee  times  as  great  as  that  of  the  residual  gas  is  added,  in  the  same 
way  as  tlie  oxyg(?n  was  previously  introduced,  and  the  j)ressure  of 
tlie  mixture  determined. 

Height  of  mercury  in  barometer  aiUiV  adding  H     1031-3 

This  mixture  is  exploded  and  another  r(?ading  taken. 

Height  of  mercury  in  barometer  after  exploding  • 
witli  H 706-7 

This  nund)er  subtracted  from  the  former,  and  the  diflcrence 
divided  by  3,  gives  the  excess  of  oxygen. 

Heiglit  of  mercury  in  barometer  before  exjiloding 

with  H 1031-3 

Heiglit  of  mercury  in  barometer  after  exj Coding 

with  H 706-7 

3;~324-6 

Excess  of  oxygon     108-2 

In  order  to  obtain  the  quantity  of  nitrogen  in  the  gas  analyzed, 
this  number  has  to  be  deducted  from  the  volume  of  gas  remaining 
after  the  exjdosion  with  oxygen  and  the  removal  of  the  carl)onic 
anhv'lride. 
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Hei<^'lit  of  merciirv  in  haronieter  after  absorbing 

CO-    .         .    ' 715-8 

„  „      in  eudiometer  at  division  Xo.  3     606*7 

Nitrogen  and  excess  of  oxygen  .         .         .         .     109'1 

Excess  of  oxygen      .         .         .         .         .         .     108*2 

j^itrogen         0*9 

AVe  liave  now  all  the  data  necessary  for  the  calculation  of  the 
composition  of  the  coal  gas.  It  is  first  re(|uisite  to  calculate  the 
j»roportion  of  the  combustible  gas  present  in  the  coal  gas,  which  is 
done  by  deducting  the  sum  of  the  jiercentages  of  gas  deterniined 
by  absorjjtion  from  100. 

Percentaf'c  of  carbonic  anhydride     .         .         .       1*772 

,,  oxygen      .         .         .         .         .0*142 

CnH-n     *.       *.       '.         .         .       4*966 

CO-.  O.  CnH-*n       6*880 

Original  gas 100*000 

CO-.  0.  CnH-'n 6*880 

II.  CO.  CH*.  >s'     93*120 

Th(*  formulae  for  the  calculation  of  the  analysis  of  a  mixture  of 
hydrogen,  carbonic  oxide,  and  marsh  gas,  are  (see  page  510) — 

Hydrogen  ■=  .<•  =  A  - 1) 

r.\      .        •,  3A     2C  +  I) 

Lnrbonic  oxido=//= .. 

^,     ,  2C-3A  +  2D 

JNlarsli  gas         =;;=•. 

A=3r)r)  -0-9 =34*6 

C=57-0 

I)  =  16-7 
A=r     34-6 
I)=     16*7 

17*9  =  ./•= Hydrogen  in  35*5  of  the  gas  exploded 

with  oxygen. 

A==     34*6                    C=     570 
3  2 

3A=  103*8  2G=   lT4*0 

I)=     16*7 

3A4-I)=   120 -5 

2C=  1140 

3)     6*5=3A  +  D-2C 

3  \  -f  1 )  —  2C      

-  *  — w^-  "    =  2*1 67 =y= Carbonic  oxide  in  35*5  of  the  gas. 
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D=      16-7 


21)  =      33-4 
2C  =    114-0 

2T)-f2C=    147-4 
3A=    103^8 

3)  43-6  =  2D  +  2C-3A 

2D  -I-  2C  —  3A       — 

-.y '—  =    14 '533  =  r.  ^  !Marsli  y^as  in  35 "5  of  the  gas. 


These  numbers  are  readily  transformed  into  percentages,  thus  : — 

35*5  :  17*9       :  :  93*12  :  46-952  i)er  cent,  of  Hydrogen. 

355  :     2-167  :  :  93-12  :    5*684  per  cent,  of  Carbonic  oxide. 

35-5  :   14*533  :  :  9312  :  38122  per  cent,  of  Marsh  gas. 

35*5  :     0-9      :  :  93-12  :    2-361  per  cent,  of  Xitrogen. 


This  completes  the   calculations,   the   results  of  which  are   as 
follows : — 


Hydrogen  . 

.     46-952 

Marsh  gas  . 

.     38-122 

CnH^n 

.       4*966 

Carbonic  oxide    . 

.       5*684 

Carbonic  anhydride     . 

.       1-772 

Oxygen      . 

.       0*142 

Xitrogen     . 

.       2*361 

99-999 

It  is  obvious  that  this  analysis  is  not  quite  complete,  since  it 
does  not  give  any  notion  of  the  composition  of  the  hydrocarbons 
absorbed  by  the  Xordhausen  acid.  To  determine  this,  some  of 
the  original  gas,  after  the  removed  of  carbonic  anhydride  and  oxygen, 
is  exploded  with  oxygen,  and  the  contraction  and  carlx)nic  anhy- 
dride produced  are  measured.  The  foregoing  experiments  hare 
shown  the  effect  due  to  the  hydrogen,  carbonic  oxide,  and  marsh 
gas,  the  excess  obtained  in  the  last  explosion  being  obviously  caused 
by  the  hydrocarbons  dissolved  by  the  sulphuric  acid,  and  from 
these  data  the  composition  of  the  gas  may  be  calculated. 

It  may  be  remarked  that  analyses  of  this  kind  were  performed 
Avith  the  apparatus  at  the  rate  of  two  a  day  when  working  for 
seven  hours. 

It  may  be  useful  to  show  how  this  analysis  appeare  in  the 
laboratory  n(^te-l>ook  : 
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Annlysis  of  Coal  Gas, 

989-0\   nR'AQ\  ^89  0  984*0 

'^^•8 1  original  »^^'^  ^'^ 


989-0\   nR.AQ\  ^89  0  984*0 

16-81   ^  .  r  \  9840 

>  ongmal  

282-2;      ^^  5-«)=C02        0-4=0 


984-0    Aft.  absorb.  CO^  282-2  ;  5-0  :  :  100  :  1-772  CO^ 
282-2  :  0-4  :  :  100  :  0-142  0 


983-6    Aft.  absorb.  0  1*914 


9S3-3    Remeasured 


969-3    Aft.  Absorb.  CnH-'n 


642 -2  \ 

606-7  (portion  of 

— 7~  I    Residue 
35-5; 


789-5    withO 


732 '5  Aft.  oxpl. 

715  8  Aft.  absorb.  CO^ 

1031-8  withH 

706 -7  Aft.  cxpl. 


100-000 
1-914  C02.0 

«.  CO.  CH 

983-3 

969  3 

iH-'n 

?8-086  :  4 

Ci 

732-5 

715-8 

C    16-7 

1-966  C 

C02= 

0= 

iH2n= 

m 

m 

=  C0 

9v086  CnH2n.  J 

983-3 

706-8 

276-5 
276-5 

35-5=H.  CO. 
0-9= N 

14  0Cr 
:140  :  :l 

CH^.  N 
CH*=A 

traction  = 

715-8 
606-7 

rnH^n 

a -772 
:0-142 
=  4-966 

34;6  =  II.  CO. 

789-5 
732-5 

6-880 

57  -0  =  con 

2  =  D 

1031-3 
706-7 

=  N  +  0 
=  0 

=  N 

3)  3-24-6 
108-2=0 

109-1. 

108-2: 

0-9: 

H  =  .r  =  A-D  -  17-9 

CO  =  ,=i*-^^+J}^    2-167 

34 -601 » 


24-6  =  A  34-6     -A  16-7     -D 

16-7  =  D  3  2 


]  7-9  =  .'•  =  11  103-8     -  3 A  38-4    =  2D 

16-7     =  D  1140     -  2C 


57-0  =  C  120-5     =3A  +  D  1474    =2C  +  2D 

2  114-0    =2C  1038    =3A 


114  0  =  2C  3)    6-5     =3A  +  D--2C  3)    43-6     =  2D  +  2C-3A 


2-]67=y=CO  14-533=c=CH< 

100000  35  5  :  17-9      :  :  9312  :  46952   II 

6-880  CO.  0.  CiiH-n  355  :    2167  :  :  93-12  :  5684  CO 

35-5  :  14-533  :  :  93  12  :  38  122  CH* 

03120  H.  CO.  CIK  N  35-5:    09      :  :  9312  :  2  361  N 
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H 

= 

\i\'\)h'l 

CH^ 

•""3 

381 22 

CnH-n 

= 

4-966 

CO 

— 

5684 

CO- 

:= 

1  772 

0 

= 

0-142 

N 

"^ 

2-361 
J»9in»9 

It  is  «as8unicil  in  the  above  examjJe,  that  the  temperature  of  the 
water  in  the  cylinder  remained  constant  throughout  the  period 
occupied  in  performing  the  analysis.  As  this  very  rarely  happens, 
the  tcanjwrature  should  Ijc  carefully  read  ott'  after  every  n)easure- 
ment  of  the  gas  and  noted,  in  order  that  due  correction  be  made  for 
any  increase  or  decrease  (»f  volumi»  which  may  result  in  consecpience. 


THOMAS'S  IMPBOVED  GAS  APPABATUS. 

In  the  Cheinicaf  Sorieft/ft  Jounial  for  ^lay,  1S79,  Thomas 
described  an  apparatus  for  g-as  analysis  (tig.  90)  which  has  the 
closed  j)ressure  tube  of  Frankland  and  Ward,  and  is  supplied 
with  mercury  Ijy  means  of  the  flexible  caoutchouc  tube  armngement 
of  Mc  Leod.  The  manner  in  which  this  apparatus  is  lilled  with 
mercury  and  got  into  order  for  working  is  so  similar  to  that  already 
described,  that  no  further  reference  need  be  made  thereto. 

The  eudiometer  is  only  450  m.m.  long  from  shoulder  to  shoulder, 
and  the  laboratory  tube  and  mercury  trough  are  under  the  connnand 
of  the  ojierator  from  the  Hoor  level.  The  eudiometer  has  divisions 
20  m.m.  apart,  excepting  the  uppermost,  which  is  jilaced  as  close 
lH3neath  the  j»latinum  wires  as  is  convenient  to  o])tiiin  a  reading. 
The  method  explained  in  se<piel  of  exi)loding  combustible  gases 
under  reduced  pressure,  without  adding  excess  of  gjis  to  modify  the 
force  of  the  explosion,  permits  the  shortening  of  the  eudiometer  as 
alx>ve,  and  enables  the  apparatus  to  be  so  ere<'ted,  that  a  long 
ci^lumn  of  the  barometer  tube  shall  stand  alK)ve  the  summit  of  the 
eudiometer.  l>y  means  of  such  ,an  arrangement  a  volume  of  gas 
may  Ikj  measured  under  nearly  atmospheric  pressure,  and  as  this 
pressure  is  equal  in  more  than  700  m.m.,  plus  aipieous  tension,  the 
.sensitiveness  of  the  apparatus  is  consiilerably  augment4»d.  The 
barometer  tub(»  is  1000  m.m.  in  length,  having  about  700  m.m. 
lines  above  Division  2  on  the  eudiometer.  The  steel  clamp  and 
facets  forming  the  connections  Initween  the  eudiometer  and  detach- 
able laboratory  tube  of  the  apparatus  i)reviously  described  are 
dispensed  witli,  as  in  this  form  the  eudiometi'r  and  lalK)ratory 
vessels  are  united  by  a  continuous  capillary  tube,  12  m.m.  (outside) 
diameter,  and  one  three-way  ghiss  Uip  is  einploye<l  in  lieu  of  the 
two  stoi)-cocks.  The  arrangement  is  simple.  The  glass  tap  is 
hollow  in  the  centre,  and  through  this  hollow  a  communication  is 
made  with  the  capillary,  by  means  of  which  either  the  laboratory 
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tube  or  the  eiulioineter  can  be  washed  out.  As  the  laboratory 
vessel  is  not  disconnected  for  the  removal  of  the  reagent  used  in 
an  absorption,  it  is  supported  by  a  clamp,  as  shown  in  the  drawing ; 
and  when  it  requires  washing  out  the  mercury  trough  is  turned 
aside,  in  order  that  an  enema  syringe  may  be  used  for  injecting  a 
stream  of  water.  A  few  drops  of  water  are  let  fall  into  the  hollow 
of  the  taj),  and  blown  through  the  capillary  tube  three  times  in 
succession,  so  as  to  get  rid  of  the  absorbent  remaining  in  the 
ca[)illary,  then  the  syringe  is  brought  into  play  once  more,  the 
excess  of  v.-ater  removed  by  wiping,  and  the  trough  turned  back 
into  position.  Tlie  laboratory  tube  may  be  refilled  with  mercury 
as  described  on  j)age  526 ;  but  it  will  be  found  much  more  serviceable 
if  a  double-acting  syringe,  connected  to  a  bulb  apj)aiatus  (to  cut<.*h 
any  mercury  that  may  come  over),  and  then  to  the  orifice  of  the 
hollow  in  the  tap  by  a  ground  j)erf orated  stopper,  be  used,  as  this 
will  obviate  the  destnictive  effect  of  heavy  suction  upon  the  gums 
and  teeth.  The  mercury  trough  is  supported  upon  a  guide  which 
travels  over  the  upright  U,  and  is  turned  aside  for  the  purpose  of 
washing  out  the  lal Moratory  vessel  in  the  following  manner: — The 
spiral  s|)ring  is  dej)ressed  by  means  of  the  tension  rods  imtil  the 
slot  is  brought  below  the  stud  fixed  in  the  upright  IJ;  and  the  top 
ferrule  holcling  the  guide  ro<ls  being  mova])le^  the  trough  can  l)e 
turned  round  out  of  the  way,  but  is  prevented  from  coming  in 
contact  with  tiie  glass  water-cylinder  by  an  arrangement  in  the  top 
of  the  guide,  which  comes  against  the  stud  in  the  upright.  The 
height  of  the  trough  can  be  accurately  adjusted  by  the  screw  in  the 
top  <)f  the  lever  guide.  When  the  trough  is  in  position,  the  clamp 
holding  the  lalioratorv  vessel  mav  be  loo.sed  when  ne(;essarv. 

The  eudiometer  and  barometer  tubes  ])ass  through  an  india- 
rubber  cork,  as  in  ^Ic  Leod's  aj)paratus,  but  are  not  su]iported  l>y 
the  clamp  C,  which  here  simply  bears  the  water-cylinder.  Xo 
glass  stop-cocks  are  used,  or  glass-work  of  any  kind  emjjloyed  in 
the  construction  of  the  lower  i)ortion  of  the  apparatUvS.  The  lower 
end  of  the  eudiometer  has  a  neck  of  the  same  outside  diameter  as 
the  l)arometer  tube  (9*5  m.m.),  and  both  tulnvs  are  fixed  into  the 
steel  ])lock  X,  without  rigidity,  by  the  usual  steam  cylinder-gland 
arrangement,  small  india-rubber  rings  being  used  to  form  the 
packing.  The  steel  block  is  fixed  to  the  t^\i>le  by  a  nut  screwed 
upon  the  |-inch  hydraulic  iron  tul)e,  which  runs  to  the  bottom  of 
the  Ui])\q.  The  tap  in  the  steel  ])lock  is  so  devise<l  that  it  first  cuts 
off  connection  with  the  barometer  tube,  in  order  that  the  gas  may 
]»e  drawn  over  from  the  laboratorv  vessel  into  the  eudiometer  with- 
out  risking  the  fracture  of  the  upper  end  of  the  barometer  tube  ])y 
anv  sudden  action  of  the  mercurv.  This  precaution  is  necessarv,  as 
during  the  transferring  of  the  gas  the  mercury  in  the  barometer 
tul)e  is  on  the  point  of  lowering,  to  leave  a  vacuous  space  in  the 
summit  of  the  tube.  Uy  moving  the  handle  a  little  further  on 
the  quadrant  a  communication  is  maile  with  ]x)th  tul)es  and  the 
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r  for  llio  ].iir|)osc  of 
fiidiii!: ;  then  tlio  hai 


tlio  nisonoir  Biii)|)].r,  whilst  there  ia  a  way  still  left  l«twecii  the 
ciidiniiietor   and    liurometer  tubes,  niid   if   the  Immllc    1>e  drawn 
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forward  a  little  more,  all  conmmnieation  is  cut  off  for  the  purpose 
of  exploding. 

The  windloi^s  P,  for  raising  and  lowering  the  mercury  reservoir  L, 
is  placed  ])eneath  the  tiihle,  in  order  that  it  may  l>e  under  command 
from  a  position  opposite  the  lal)oratory  vessel,  and  it  is  furnished 
with  a  spring  ratchet  motion,  so  as  to  ])e  worked  by  one  hand.  The 
water-cylinder  should  he  four  inches  in  diameter,  and  the  casing  tube 
of  the  l)arometer  iis  wide  as  practicable,  so  that  the  temperature  of 
the  apparatus  may  be  maintained  as  constjxnt  as  possible.  To  attain 
an  accurate  result  it  is  as  essential  to  keej)  the  barometer  tul^ 
of  \niiform  temperature  as  the  eudiometer,  since  the  tension  of 
aqueous  vapour  varies  proportionally.  The  stream  of  water  from 
the  service  main  is  run  into  the  casing  tube  at  the  upper  end  of 
the  barometer,  and,  whilst  the  water-cylinder  is  filling,  the  tap  at 
the  bottom  is  opened  slightly,  so  that  water  may  run  out  very 
slowly.  When  the  water-cylinder  is  full,  the  upright  tul)e  G  acts 
as  a  syphon,  and  sucks  out  the  excess  of  water  from  the  top  of  the 
cylhider,  thus  keeping  up  the  circulation  at  the  point  where  it  is 
most  required.  For  a  further  detailed  description  of  the  apparatus 
see  /.  G.  S.,  May,  1879. 

There  are  only  two  working  tiips  upon  this  apparatus — the 
three-way  glass  tjip  between  the  eudiometer  and  laboratory  tube, 
and  the  steel  tap  at  the  h)wer  ends  of  the  barometer  and  eudiometer. 
The  steel  tap  is  greased  with  a  little  beef-Udlow  (made  from  clean 
b'jef-suet),  or  with  real  Kussian  tallow ;  it  will  last  for  twelve 
months  without  further  attention.  A  moderately  thick  washer  of 
india-rubber,  placed  between  the  steel  washer  and  the  nut  at  the 
end  of  the  steel  tap,  adds  greatly  to  the  steady  working  of  the 
needle  on  the  quadrant.  Moderately  soft  resin  cerate  is  best  for 
the  glass  tiip. 

When  filling  the  laboratory  vessel  with  mercury,  suction  is 
maintained  until  the  mercury  has  reached  some  height  in  the 
hollow  of  the  three-way  tap.  The  remainder  of  the  hollow  sj^aco 
is  replenished  by  pouring  the  mercury  from  a  small  crucible ;  any 
water  that  may  be  present  is  then  removed,  and  the  small  stoi)per 
inserted.  AVhen  the  laboratory  vessel  has  to  be  washed  out  after 
an  al)Sorption,  the  gas  is  transferred  to  the  eudiometer  until  the 
absorl)ont  gets  within  a  quarter  of  an  inch  of  the  stojvcock.  The 
mechanical  arrangement  should  be  so  manageable  that  tins  nicety 
of  ailjustment  can  be  accomplished  with  ease.  Much  dejiends,  of 
course,  ujion  the  care  bestowed  in  cerating  the  tiip,  so  that  the 
(•ai>illary  is  not  carelessly  blocked  up.  As  soon  tis  the  gas  has 
I)assed  over  to  the  extent  required,  turn  the  three-way  tap  until  the 
through-way  is  at  right  angles  t<>  the  capillary,  and  the  way  to  the 
hollow  of  the  tap  is  in  communication  with  the  lal)oratory  vessel, 
then  take  out  the  little  stopper  from  the  hollow,  so  that  the  mercury 
shall  flow  out,  and  allow  the  laboratory  vessel  to  l>ecome  emptied 
whilst  the  reading  of  the  voIuukj  of  the  gas  is  l>eing  taken.     The 
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luiHctiiPiit  for  wasliiiig  out  tin;  InlMiratciry  tiilw  iw  a  "  syjilion 
'  (Dr.  Higgiiisoii's  iiriuciiJp,  wliicli  may  lie  olitaiiiuil  of 
niiy  ilniggist),  n<in]>tiiig  in  tho  pltu'L-  of  tlic  usual  nozzle  a  bent  glnss 
tul*.  Tliia  syringe  is  constant  in  ita  nt-tioii,  ns  it  filla  iteclf  when 
tlie  pri'saure  is  releaaeil,  if  the  tu1«'  at  the  lower  end  ia  iilaeed  in 
n  vessel  of  water.  The  labimitory  vessel  can  be  waalied  out  anil 
retilli'il  in  a  very  little  time,  as  it  is  alpwly  i-onnecteil,  and  for  all 
ctilinary  absorptions  it  ia  suflieient  to  wiiw  the  vessel  out  once  l>y 
[lassing  up  a  line  towel  tivistetl  on  a  i-ounii  stick.  When  CuII-u 
gase.H  lire  to  be  absorbed  by  fuming  suljihurir  acid,  the  water  should 
l>e  carefully  blown  ■>ut  of  tho  capillary  tulw  into  the  lulior.itory 
Vfssel,  ivhieh  miii-t  be  reiieatcdly  drieil.  A  few  dwiis  of  strong 
sulphurie  aeid  were  at  Hrst  nm  into  the  hollow  of  the  tap  and  then 
through  the  capillnr>'  whilst  the  labora- 
tory vessel  was  full  of  mercury,  in  order 
to  I'L-niuve  any  nioi.stiiro  remaining,  but 
it  has  since  been  found  unnecessary,  as 
the  drying  ean  ho  |>erfomied  thonnighly 
without. 

To  cidibrate  the  euilionieter  with 
water,  introduce  the  (iiiinitity  rwiuiri'd 
through  the  li.dlow  in  the  stopiwr,  then 
rcni'ivc  the  latter,  and  collect  the  water 
in  a  light  flaxk  from  the  Ixittoin  of  the 
taji-sockct. 

In  till-  same  impor  (./.  C.  S.,  Xrny, 
1H79),  Thomas  i^intcd  out  that  it  was 
not  essL'ntiid  to  add  excess  of  either 
oxygen  or  hydnigen  for  the  ]iur[ioae  of 
modifying  tlie  force  of  the  explosion 
when  condjuatible  ^'ases  were  unilcr 
analysis,  and  it  is  necessary  to  take 
advantage  of  this  when  working  with  so 
short  an  eudiometer.  Tho  method  is 
however,  appltcahle  to  all  gas  apparatus' 
having  a  reoMonnble  length  of  barometer 
I'oluinn  above  the  eudiometer ;  in  fact, 
the  explixliug  pressures  were  Jirst  worked 

out  and  employeilinanapparatnaonMeLcod'smodel.  When  the 
jiercctitogc  of  oxygen  in  a  sample  of  air  has  to  )>e  dctennined  by 
explosion,  only  one-half  its  volume  of  hydrogen  is  required,  and  the 
pressure  need  not  l)e  anluced  Iwlow  400  m.ni.  If  much  more  than 
one-half  volume  of  hyilrogen  has  been  added  by  accident,  explotle 
under  atmospheric  pressure.  When  the  cxcpsb  of  oxygen  used  in  an 
analysis  has  to  be  determined,  add  2'5  times  its  volume  of  hydrogen, 
and  reihii-e  the  pressure  to  180  m.m.  of  mercury  Intfore  cxjiloding. 
After  adding  the  hydrogen  anil  the  reading  has  been  taken,  the  gas 
is  expanded  by  lowering  the  mercurial  reservoir  until  a  column  of 
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mercury,  ineasuriiif;  the  number  of  ni.m.'s  in  length  just  referred  to 
and  in  the  following  table,  stands  above  the  meniscus  of  the  mercury 
in  the  eudiometer.  This  column  can  be  read  off  quite  near  enough  by 
the  eye,  as  therc  is  no  rij<k  of  breaking  tlie  apparatus  by  the  force  of 
the  explosion  if  the  pressure  is  20  m.m.  greater  than  that  given  ; 
but  if  the  gas  under  analysis  is  all  combustible,  it  is  better  to 
€Xi)lode  at  a  slightly  less  pressure  than  to  exceed  that  recommended. 


Name  of  Gus. 


-•I 

>  ® 


-2 

-sal 


S>  S  9  B 

ft4 


o 


Hydrogen  -         -         -         . 

1 

200  m.m. 

Carbonic  Oxide  - 

1 

200  m.m. 

^larsh  Gas 

1 

2*5 

170  m.m. 

Acetylene  -         -         .         - 

3 

150  m.m. 

defiant  Gas 

3-5 

145  m.m. 

^Methyl  and  Hydride  of  Ethyl 

4 

140  m.m. 

Propyl        -         .         -         . 

5 

135  m.m. 

Hydride  of  l*ropvl 

5-5 

130  m.m. 

Ilutyl          -         -         .         . 

6 

125  m.m. 

Etliyl  and  Hydride  of  Butyl 

7 

120  m.m. 

It  follows,  naturally,  that  the  exploduig  pressure  "will  depend  upon 
the  proportion  of  combustible  gas  introduced;  and  experience 
alone  can  enable  one  to  determine  with  anv  degree  of  exactness 
what  that  pressure  must  be,  as  no  general  law  can  Ik?  laid  down. 
For  instance,  if  more  than  three  volumes  of  hydrogen  were  added 
to  one  of  oxygen,  the  exjiloding  pressure  shoidd  exceed  200  m.m. ; 
and  if  much  nitrogen  or  other  gas  were  })resent  that  did  not  take 
a  part  in  the  reaction,  tlu;  ])ressure  should  be  still  more  incrciised. 
As  a  con.se(]ui»nce,  the  same  exj)erience  is  necessary  when  dealing 
with  exi)losive  gases  1)y  the  oth(;r  method,  because?  the  addition 
of  too  much  inert  gas,  with  a  view  to  modify  the  force  of  the 
cxjjlusion,  may  lead  to  imperfect  combustion,  inasmuch  as  the 
cooling  etlbtt  of  the  tube  and  gas  can  reduce  the  tem]>erature 
below  that  r(?i[uire(l.  In  all  instances,  when  the  aj)proximate  com- 
position of  the  gas  is  known,  it  is  not  difficult  to  determine  the 
quantity  of  oxygen  or  hydr(»gen,  as  the  case  may  be,  which  is 
required  for  explosion,  or  the  pressure  under  which  the  gas  should 
be  exi)Ioded.  In  order  to  do  this  svstematicallv,  it  is  alwavs  well 
to  rememl>er  certain  points  observed  during  the  stages  of  the 
analysis.  The  gas  in  the  laboratory  vessel,  before  being  transferred 
to  the  eudiometer,  occupies  a  certain  volume  in  a  position  between 
(or  otherwise)  the  calibration  divisions.  Aitov  transferring  and 
reading  olF,  bear  in  mind  the  number  of  m.m.'s  which  the  volume 
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represents  ;  and  calculak^  as  the  gas  is  being  re-transferrcil  to  the 
laboratory  vessel  to  be  mixed  Avith  tliat  employed  in  the  ex])losion, 
the  height  at  which  the  mercury  should  stand  in  the  barometer 
tul)e  when  measuring  tlie  mixed  gases,  and  how  much  of  the 
laboratory  vessel  was  occupied  on  a  previous  occasion  when  a  similar 
reading  was  obtained.  If  this  is  <lone,  one  can  realize  at  once,  after 
reading  off  the  volume  of  the  mixed  gases,  the  j proportion  of  com- 
bustible gas  added,  and  the  j)ressui*e  under  which  the  gas  has  l>een 
measured.  Another  glance  at  the  volume  which  the  gas  o(;cupies  in 
the  eudiometer,  with  a  comparison  of  the  pressure  recoi-dcd  upon 
the  barometer  tube,  enables  one,  after  a  little  practice,  to  at  oncci 
expand  the  mixture  to  the  point  at  which  it  will  explode  with 
satisfactory  results.  It  is  not  expedient  to  i>lace  too  much  reliance 
upon  the  marks  showing  e([ual  volumes  upon  the  laboratory  vessel, 
esi)ecially  when  dealing  with  small  (piantities  of  gas ;  and 
a  comparison  of  the  volumes  obtiiined  in  reading  before  and  after  the 
addition  of  oxygen  or  hydrogen  is  always  prudent,  in  order  to  see 
that  sufficient  giis  has  been  added,  as  well  as  to  enable  one  to  judge 
the  i)ressure  under  which  the  gas  should  be  exploded. 

Note.  Meyer  and  Seubort  (Z.  a.  C.  xxiv.  414)  have  debigueil  a  gas  apparatim 
similar  iu  many  rcsiiects  to  that  of  M  c  L  e  o  d  and  Thomas,  but  of  simpler  con- 
struction, and  especially  adapted  for  explosions  under  diminished  pressure. 


Keiser's   Portable    Gas   Apparatus. 

This  a]>i)aratus  is  based  on  the  principle  of  determining  the 
volume  of  a  gas  from  the  weight  of  mercury  wdiich  it  may  be  made 
to  displace  at  a  known  temperature  and  pressure.  It  disi)enses 
entirely  with  the  long  graduated  tubes  and  other  vessels  common  to 
the  apparatus  previously  described,  without  any  sacrilic(i  of  a<x'uracy. 

TIkj  fjJlowing  description  occurs  in  the  Anift:  Chfw.  Jouni.j  1886 
(but  is  r('])roduced  here  from  IVie  Anahjaf,  xi.  10()) : — 

Fig.  98  allows  the  construction  of  the  measuring  apparatus  and 
the  absorption  pii)ette.  A  is  the  measuring  a|)paratus,  B  is  the 
absorj)tion  ]>ipette  ;  a  and  h  are  glass  bulbs  of  about  150  c.c. 
capacity.  Tliey  are  connected  at  the  bottom  l)y  a  ghiss  tube  of 
1  m.m.  bore,  carrying  the  three-way  st<^p-cock  d.  The  construction 
of  the  kry  of  {\\{\  stop-cock  is  shown  in  the  margin.  One  hole  is 
drillecl  straight  through  the  key,  and  by  means  of  this  the  vessels 
a  and  b  may  be  made  to  communicate.  Another  opening  is  drilled  at 
riglit  angh's  to  the  first,  which  Ci^nmunicates  with  an  opening 
extending  through  the  handle,  Init  does  not  communicate  with  the 
first  opening.  l)y  means  of  this,  mercury  contained  in  either  a  or  h 
may  hi!  allowed  to  How  out  through  the  handle  (/  into  a  cup  placed 
beneath.  The  bulb  h  is  contracted  at  the  to])  to  an  opening  20  m.m. 
in  diameter.  This  is  closetl  by  a  rubber  stopper  carrying  a  bent 
glass  tube,  to  which  is  attiiched  the  rubber  pump  e.  To  a  second 
glass  tube  passing  througli  the  stoi>per,   a  short  piece  of  rubber 


544 


VOLUMETRIC   ANALYSIS. 


§  99. 

tuhinj,'  witli  II  i>iiidi-cotk  is  attiiched.  liy  means  of  tlic  puuiii  e  air 
iiiiiy  lie  forced  into  or  ttitlidrawii  from  h,  ns  one  or  the  other  end  i>f 
the  iiuiup  ia  attnclipd  to  the  glass  tul)o.  The  hulb  a  terminates  at 
the  U'ji  ill  a  niirrow  tjliiss  tnlu',  to  which  is  fused  the  three-way  stoii- 
ciick  r.  The  eoiistnic- 
tion  of  the  key  of  tliis 
stop-cock  is  also  s)ion'ti 
in  the  ciit.  ]>y  moniin 
of  it  the  vessel  a  may 
he  allowed  to  com- 
niHiiicato  with  the 
outside  air,  or  with 
tliu  tube  passing  to 
theahsorptioii  piiiette, 
or  with  the  gauge  ;/, 
The  gauge  jf  is  a  glass 
tube  having  a  Iwre 
1  m.m.  in  diameter 
and  bent,  ns  sJiown  in 
tlioJigiire.  liy  pouring 
a  few  drops  of  wat«r 
into  the  o]teu  end  of 
tliis  tube  a  column  of 
water  several  centimeters  high  in  Ijoth  limbs  of  tJie  tulx'  is  obtained. 
This  serves  as  a  ninuometer,  and  enables  tlio  operator  to  know  when 
the  jiresHure  of  the  gas  e<)uais  the  atmospheric  pressure.  To  secure 
ft  uniform  temjierjiture,  the  l)ulbs  a  and  h  arc  surrounded  by  wat«r 
contained  in  a  glass  vessel.  This  vessel  for  hohljng  water  is  merely 
an  iuverteil  bottle  of  clear  glass  from  whi(;h  the  bottom  has  been 
removed.  The  handle  of  the  sti>))-cock  '{  passes  through  a  rubber 
stopper  in  the  neck  of  the  1>i>ttle.  A  th<!rmoniet4>r  gradiiatc<l  to  \' 
is  plaeeil  in  Hie  water  near  the  hnlb  «.  The  whole  apparatus  is 
snpjwrted  njion  a  vertical  ^vooden  stand. 

The  nlisorption  piiK'tt«  IJ  consists  of  two  nearly  spherical  glass 
bulbs  of  about  .^00  e.c.  capacity,  Tliey  communicate  at  the  bottom 
by  means  of  a  glass  tube,  3  m.m.  inside  diameter,  e'  is  a  two-way 
stoi)-cock.  The  lioh's  in  the  key  are  drilled  at  right  angles,  so  that 
the  tnbo  which  connects  with  the  inca.stiring  apimratus  may  be  ])tit 
in  communication  i^ither  with  the  funnel  or  with  the  altsorption 
biUK  Tlie  fuiuiel  is  of  service  in  removing  air  from  the  tube  which 
coiini!ct«  the  measuring  appnratus  with  the  al)sorption  pipette.  By 
pouring  inerr-nry  or  water  int'j  the  funnel  and  turning  the  sto]>- 
cockfl  *•■  ami  '■  in  thi!  pro]>er  directions  ail  the  air  is  readily  removed, 
/  is  a  rubber  jiump  used  in  transferring  gas  from  I!  to  A.  The 
lower  jiart  of  the  jiipettc  contains  morenry,  which  protects  the 
reagent  from  the  action  of  the  air. 

To  measure  the  volume  of  a  gas,  tlie  vessel  a  is  filled  completely 
with  pure  (Liercury.     This  is  easily  accomplished  by  pouring  the 
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aiierciiry  into  //,  ami  then,  after  turning  c  until  a  communicates  with 
the  outside  air,  forcing  it  into  a  hy  means  of  the  pump  e.  Any 
excess  of  mercury  in  It  is  then  aUowed  to  liow  out  through  the  stop- 
cock d.  When  a  and  h  are  now  j)laced  into  communication  the 
mercury  will  How  from  a  to  //,  and  gas  will  be  drawn  in  through  the 
8to|)-cock  r.  The  volume  of  mercury  which  Hows  intc^  h  is  equal  to 
the  volume  of  gas  drawn  mU)  a.  When  the  mercury  no  longer 
rises  in  //,  and  it  is  desired  to  draw  in  still  more  gas  ihto  a,  then  it 
is  only  necessary  to  exhaust  the  air  in  h  by  means  of  the  pum]>  e. 
After  the  desired  quantity  of  gas  has  been  drawn  into  a  the  stop- 
<*nck  r  is  (rlosed.  After  standing  a  few  minutes  tlie  temperature  of 
the  gas  l>ecomes  tlie  same  as  that  of  the  water  surroumling  a. 
The  pressure  of  the  gsis  is  then  made  approximately  equal  to  atmos- 
2>heric  pressure  by  allowing  the  mercury  to  How  out  of  h  into  a 
weighed  beaker  jilaced  beneath  the  stop-cock  d  until  it  stands  at 
nearly  the  same  level  in  both  a  and  h.  Communication  is  now 
<istiiblished  between  a  and  f/,  and  by  means  of  the  pump  e  the 
])ressure  can  be  adjusted  with  the  utmost  delicacy  until  it  is  exactly 
<»qual  to  atmospheric  y)ressure.  The  stop-cock  d  is  then  closed,  and 
the  remainder  of  the  mercury  in  h  is  allowed  to  flow  out  into  the 
beaker.  Tlie  weight  of  the  mercury  displaced  by  the  gas  divided 
by  the  specific  gravity  of  mercury  at  the  oljserved  temperature  gives 
the  volume  of  the  gas  in  cubic  centimeters. 

If  it  is  desired  U)  remove  any  constituent  of  the  gas  by  absorption, 
a  pipette  B,  containing  the  appro] >riate  reagent,  is  attached  to  the 
mciusuring  apjmratus.  All  the  air  in  the  connecting  tube  is  expelled* 
by  pouring  mercury  into  the  funnel  and  turning  the  stop-cocks 
/•'  antl  r  S(>  that  the  mercury  flows  out  through  r.  A  little  more 
than  enough  mercury  to  expel  the  gas  in  the  vessel  a  is  i)Oured  into  (t. 
The  small  ([uantity  of  air  which  is  conflne<l  in  the  tul>e  connecting  h 
with  the  st4»|>-cock  is  removed  by  allowing  a  few  dn>])s  of  mercury 
to  run  out  through  h.  Then  a  antl  h  are  placed  in  communication. 
The  st<.)i)-cocks  r'  and  r,  are  turned  so  that  the  giis  may  j)ass  into  the 
l)ipette,  the  mercury  which  filled  the  connecting  tube  passes  into  the 
absorbing  reagent  and  unites  with  that  which  is  already  at  the 
bottom  <>f  the  pipette.  The  transfer  is  facilitotcd  by  the  pump  e. 
AfU;r  absorption  the  residual  volume  is  measureil  in  the  same  way 
that  the  original  volume  was  measured,  a  is  completely  filled  witli 
mercury  from  the  upper  to  the  lower  stop-cock,  and  all  the  mercury 
in  h  is  allowed  to  run  out ;  the  gas  is  then  drawn  l)ack  into  the 
measuring  apparatus,  the  last  jiortion  remaining  in  the  connecting 
tube  being  displaced  by  means  of  mercury  from  the  funnel.  The 
volume?  is  then  determined  as  before. 

The  calculation  of  the  results  of  an  analysis  is  very  simj)le.  If 
the  temi)erature  and  pressure  remain  the  same  during  an  analysis,  as 
is  frequently  the  case,  then  the  weights  of  mercury  obtained  are  in 
direct  proportion  to  the  gas  volumes,  and  the  percentage  composition 
is  at  once  obtained  by  a  simple  proportion. 

N    N 
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If  the  tempcraturo  and  pressure  are  different  when  the 
nieasnrementt^  ore  made,  it  is  necessary  to  reduce  the  vohrjies  to 
0"*  and  760  ni.ni.     The  follomng  formula  is  then  used  : — 

*    •~Z>(l4-0-00367x?>760' 
in  which 

Tr=  weight  of  mercury  ohtained  (in  grams), 
I)  =z  s|X'(ntic  gravity  of  mercury  at  f*, 

t  =  temperature  at  which  the  gas  is  measuretl, 
7/=  height  of  the  barometer, 
//  =  tension  of  aqueous  vajxHir, 
V  =  reduced  gas  vohimo  (in  cul)ic  centimeters). 
In  all  the  measurements  made  M'ith  the  apparatus  the  gas  is 
saturated  with  {ic|ueons  vapour,  because  it  comes  in  contact  with 
the  water  in  the  manometer  <y. 

The  following  exi>eriments  were  made  to  test  the  accuracy  of  the 
instrumeiit.  A  (piantity  of  air  was  drawn  into  the  measuring  bulb 
and  its  volume  determined.  The  air  was  then  transforrcMl  to  an 
absorption  ]>ip«'ttc.  whi<.rh  contained  only  mercurj'  and  no  reagent. 
It  was  then  brought  back  again  int-o  the  measuring  apparatus  and 
its  volume  redetermined.     The  follo\nng  results  were  obtained  : — 

1. 

Volume  at  0'— 70.)  in.iu. 
Volume  of  air  taken        ...  ...  ...  57'558  c.c. 

,,        after  first  transfer  ...  ...  57*567 

„  „    second  tnHij«fer         ...  ...  57*570 

II. 

At  (T  -760  m.ni. 
Volume  Uakon    ...  ...  ...  ...  03'21G  rr.c. 

„        after  transferring  ...  ...  93*229 


III. 

At  0"— 76(»  m.ui. 
Volume  tiken    ...  ...  ...  ...  1 33"473  c.c. 

,,        after  transferrin!,'  ...  ...  133*490 

IV. 

At  0**— 7riO  m.m. 
Volume  taken    ...  ...  ...  ..  92*275  e.c. 

.,        after  transferring  ...  ...  92*200 

V. 

At  0   -7«K)  m.ni. 
Volume  taken    ...  ...  ...  ...  109*025  c.c. 

„        after  transferrin^,'  ...  ...  100020 

VI. 

At  Qf—iaO  m.m. 
Volume  ttikon    ...  ...  ...  ...  1 03*970  c.c. 

after  fir^^t  trjuisfer  ...  ...  103*955 

„    second  tninsfer         ...  ...  103*980 

The  apparatus  was  also  tested  by  making  analyses  of  atmospheric 
air.  It  has  been  shown  lx)th  by  AVinkler  and  Hem  pel  that  the 
couip(»siti(»u  (»f  the  air  vaiics  from  day  to  day.     This  variation  is 
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sometimes  as  much  as  0*5  per  cent.  The  causes  which  produce 
these  fluctuations  in  the  composition  of  the  atmosphere  are  at 
present  but  imperfectly  understood.  It  is  therefore  desirable  to 
have  some  simple  instrument  by  means  of  which  the  composition 
of  the  air  may  be  determined  rapidly  and  yet  with  great  accuracy. 
The  following  analyses  show  that  the  apparatus  here  described 
is  well  adapted  to  this  ])urpo8e.  The  reagent  used  to  absorb  the 
oxygen  and  carbon  dioxide  was  an  alkaline  solution  of  i)yrogallol, 
prepared  by  mixing  one  volume  of  a  25  per  cent,  solution  of 
pyrog.illol  with  six  volumes  of  a  CO  per  cent,  solution  of  jx>tassic 
liydrate. 

AtialifjtU  of  Air  taken  from  (he  Lahoratorif. 

I. 

Per  cent. 
W  H  t  V  0+C0-". 

Airtiiken  1738-53        743-37        15-8        116'435  c.c.       ... 

Vol.  of  nitrogen  137762        743 37        158  92264        20-7GO 

1376-40        743-55        1575        92255        20771 
Per  cent,  of  O  and  CO'%  20765. 

II. 

Per  cent. 
W  H  t  V  0+C0-\ 

Vol.  of  air  170S01        748-08        150        115546  c.c. 

nitrogen  1356*(>4        74733        152  91564        20*755 

Per  cent,  of  O  and  CO^  found,  20755. 

The  foUowinj^  analyses  were  made  with  a  sample  of  atmospheric  air 
collected  on  a  sub»e<pient  day : — 

I. 


Per  eent. 

w 

H 

t 

v 

O+CO'. 

Vol. 

of  air 

1704-81 

754  92 

12  2 

117-814 

i-  •V  •                     a  •  « 

it 

nitrogen 

1348-33 

754-78 

12  08 

93-216 

20-877 

«> 

» 

1344-71 

755-92 

11-7 

93-229 

20-868 

Per  cent. 

of  0  and  CO-,  208: 

2. 

II. 

Per  cent. 

W 

H 

t 

V 

0+C02. 

Vol. 

of  air 

166y30 

756-30 

10-15 

116  584 

Ub'^v                        .   •   • 

»» 

nitro^'en 

1323-24 

755-49 

1005 

92*260 

20-863 

«> 

»» 

1322-38 

755-30 

10-00 

92252 

20-870 

Per  cent,  of  O  and  00%  20-8CG. 

The  appinitus  dejcribed  in  the  preceding  paj^ea  was  made  for  the  anthor, 
in  most  excellent  manner,  by  Mr.  Emil  Griencr,  79,  Nassau  Street,  New  York. 

SIMPLER  METHODS   OF   QAS  ANALYSIS. 

§  100.  All  the  sets  of  apparatus  previously  described  are  adapted 
to  secure  the  f^catest  amount  of  accuracy,  regardless  of  speed  or  the 
time  occupied  in  carrying  out  the  various  intricate  processes  involved. 

For  industrial  and  technical  purposes  the  demand  for  something 
requiring  less  time  and  care,  even  at  the  sacrifice  of  some  accuracy, 
lijis  Ixjcn  met  hy  a  large  number  of  designs  for  apjiaratus  of  a 
simpler  class,  among  which  may  be  mentioned  those  of  Orsat, 
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Biuite,  Winkel,  Henipel,  Stead,  Lunge,  etc.  Many  of  these 
are  arranged  to  suit  tlie  convenience  of  special  industries,  and  will 
not  be  descril)ed  here. 

The  most  useful  apparatus  for  general  purjx>ses  is  either  that  of 
Henipel  or  Lunge,  both  of  which  will  be  shortly  described. 
Fuller  details  as  to  these  and  other  special  kinds  of  apparatus  are 
contained  in  Winkler's  Handbook  of  'technical  Gas  Andlfjms, 
translated  by  Lunge.* 

The  general  principles  upon  which  these  various  sets  of  apparatus 
are  based,  and  the  calculation  of  results,  are  the  same  as  have  been 
described  in  preceding  pages ;  and  of  course  due  regard  must  be 
had  to  tolerable  equality  of  temperature  and  pressure,  and  the  eifects 
of  cold  or  warm  draughts  of  air  upon  the  apparatus  whilst  the 
manipulations  are  carried  on.  If  the  operator  is  not  already 
familiar  with  methods  of  gas  analysis,  a  study  of  the  foregoing 
sections  will  be  of  great  assistance  in  manipulating  the  apparatus 
now  to  be  described. 

Simple  Titration  of  Gases. — Many  instances  occur  in  which  an 
absorbable  gas  caai  be  passed  through  a  solution  of  known  standard 
in  excess,  and  the  measure  of  the  gas  being  known  either  by 
emptying  an  aspirator  of  water  containing  a  known  volume,  or  by 
the  use  of  a  gas-meter.  The  amount  of  gas  absorl>ed  may  be  found 
by  titration  of  the  standard  absorbent  residually.  .Such  instances 
occur  in  the  exit  gases  of  vitriol  and  chlorine  chambers.  In  the  case 
of  vitriol  exits  the  gases  arc  drawn  through  a  standard  solution  of 
soda  or  other  alkali  contained  in  Todd's  absorption  tubes  or  some 
similar  arrangement,  to  which  is  attached  a  vessel  contiiining 
a  known  volume,  say  exactly  -^^  of  a  cubic  foot  of  water.  A  tiip 
is  fixed  at  the  bottom  of  this  vessel,  so  that  when  all  is  tightly 
fitted  and  the  tap  partially  ojiened,  a  small  flow  of  water  is 
induced,  which  draws  the  gases  through  the  absorbent  AVhen  the 
aspirator  is  empty  the  flow  of  gases  ceases,  and  of  course  the  volume 
of  water  so  run  out  represents  that  of  the  gases  passed. 

Another  way  of  measuring  the  gases  is  to  use  an  india-rubber 
vessel,  which  can  be  compressed  by  the  hand,  known  as  a  finger- 
])ump.  The  volume  contents  being  known  b}^  measurement  with 
wa^^-r  or  air,  the  aspirations  made  by  it  may  be  calculated ;  the 
aspirated  gases  are  then  drawn  slowly  through  the  absorbent  li<{uid. 
In  the  case  of  chlorine  exits  the  gases  are  passed  through  a  solution 
of  potassic  iodide  in  excess,  and  the  amount  of  liberated  iodine 
subsequently  found  by  titration  with  standard  sodic  arsenite.  A 
most  (convenient  vessel  is  the  revolving  double  glass  aspirator, 
known  as  Dancer's  or  Mucncke's. 

The  stiindard  solutions  used  in  these  cases  are  generally  so 
arranged  as  t<j  avoid  calculations,  and  the  result  found  for  legal 
purposes  in  England  is  given  in  grains  per  cubic  foot,  in  order  to 

♦  Van  Voorst,  1885. 
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comply  with  the  eoii<litions  of  the  Xoxioiis  ya])oiirs  Act,  wliich 
enjoins  that  not  more  than  4  grains  of  S(>\  or  2h  grains  of  CI,  in 
one  cubic  foot  shall  ho  allowed  to  ])ass  into  the  atmosj>here. 

Sometimes  a  gas  may  be  estimated  by  the  reaction  which  takes 
place  when  brought  in  contact  with  a  chemical  absorbent,  such  as 
the  formation  of  a  i)recipitate,  or  the  change  of  colour  which  it 
produces  in  an  indicator.  The  gjvs  in  this  case  can  be  measured 
])y  a  graduated  aspirator,  the  flow  of  which  is  stopped  when  the 
peculiar  reaction  cejises  or  is  manifested. 

Normal  Solutions  for  Ghts  Analsrsis. — In  the  titration  of  gases  by 
these  methods,  particularly  on  the  Continent,  the  custom  is  to  use 
8i)ecial  normal  solutions,  1  c.c.  of  which  represents  1  c.c.  of  the 
absorbable  gas  in  a  dry  condition,  and  at  760  m.m.  pressure  and 
OX.  temperature.  These  solutions  must  not  be  confounded  with 
the  usual  normal  solutions  used  in  volumetric  analysis  of  liipiids  or 
solids.  For  instince,  a  normal  gas  solution  for  chlorine  would  be 
madcj  by  dissolving  4*4288  gm.  of  As-O^,  with  a  few  grams  of  sodic 
carl>onate  to  the  liter,  and  a  corresjwnding  solution  of  icxline 
containing  ll*3,*i96  gm.  per  lit(»r,  iir  order  that  1  c.c.  of  either 
shouM  correspond  to  1  c.c.  of  chlorine  gas.  1  c.c.  of  the  same 
iixline  solution  would  also  represent  1  c.c.  of  dry  8( )-,  and  so  on. 

A  very  convenient  bottle  for  the  titration  of  certain  gjises  is 
adopted  by  Hesse.  It  is  made  in  a  conical  form,  like  an 
Erlenmeyer's  flask,  and  has  a  mark  in  the  short  neck,  down  to 
which  is  exactly  titted  a  caoutchouc  stopper  having  two  holes, 
which  will  either  admit  the  spit  of  a  burette  or  pi4>ette,  or  may  be 
securely  closed  by  solid  glass  hkIs.  The  exact  contents  of  the  vessel 
ui>  to  the  stopiMjr  is  ascertained,  and  a  convenient  size  is  about  500 
or  000  c.c.     The  exact  volume  is  marked  upon  the  vessel. 

In  the  case  of  ga-ses  not  affected  by  water,  the  bottle  is  tilled  with 
tliat  licpiid  and  a  portion  displaced  by  the  gas,  and  the  stopper  with 
its  closed  holes  inserted.  If  water  cannot  bo  used,  the  gas  is  drawn 
into  the  empty  ])ottle  by  means  of  tubes  with  an  elastic  pump. 
The  aKsorbalde  constituent  of  the  gas  is  then  estimated  with  an 
excess  of  the  standard  solution  run  in  from  a  pipette  or  burette. 
During  this  a  volume  of  the  gas  escapes  equal  to  the  volume  of 
stJin<lard  solution  added,  which  must  of  course  be  deducted  from 
the  contents  of  the  absorbing  vessel.  The  gas  and  li<iuid  are  left  to 
react  with  gentle  shaking  until  complete.  The  excess  of  standani 
solution  is  then  found  residually  by  another  corresi)onding  standard 
solution ;  and  in  the  case  of  using  gas  normal  solutions,  the  difference 
f<jund  curresponds  to  the  volume  of  the  absorbed  constituent  of  the 
gas  in  c.c. ;  and  from  this,  and  from  the  total  volume  of  gas  emjdoyed, 
may  be  calculated  the  percentage,  allowing  for  the  correction  men- 
tioned. This  arrangement  may  l)e  used  for  CO-  in  air,  using  normal 
gas  baric  hydrate  and  a  corrcspondmg  normal  gas  oxalic  acid  with 
phenolphthalein.     The  normal  oxalic  acid  should  contain  5*6314  gm. 
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jxjr  liter,  in  order  that  1  c.c  may  represent  1  c.c  of  CO-.  The  baryta 
solution  must  coirespond,  or  its  relation  thereto  found  by  blank 
experiment  at  the  time.  The  arrangement  is  also  available  for  HCl 
in  gases,  using  a  normal  gas  silver  solution  containing  4*8233  gm. 
Ag  per  liter,  as  absorbent,  with  a  corresponding  solution  of 
thiocyanate  (>§  43)  and  ferric  indicator ;  or  the  HCl  may  be  absorbed 
by  potash,  then  acidified  with  HXO^, 
and  the  titration  carried  out  by  the 
same  i)rocess ;  or  again,  an  alkaline 
carbonate  may  be  used,  and  the  titration 
made  with  a  normal  gas  silver  solution 
using  the  chromate  indicator  (§41,  2^). 

Hem  pel' 8  Qas  Burette.— This  consists 
of  two  tubes  of  glass  on  feet,  one  of  which 
is  graduated  to  100  c.c.  in  ^  ^-c  (the 
burette  proper),  and  the  other  plain  (the 
level  tube).  They  are  connected  at  the 
feet  by  an  elastic  tube,  much  in  the 
same  way  as  Lunge's  nitrometer.  The 
arrangement  is  shown  in  fig.  99. 

The  illustration  shows  the  burette  with 
three-way  stoi>cock  at  bottom,  which  is 
necessary  in  the  case  of  gases  soluble  in 
water,  or  where  any  of  the  constituents 
are  affected  thereby.  If  this  is  not  the 
case,  a  l)urette  without  such  stop-cock 
is  substituted  (fig.  1 00).  The  elastic  tube 
should  not  l)e  in  one  piece,  but  con- 
nected in  the  middle  by  a  shoit  length 
of  glass  tube  to  admit  of  ready  dis- 
connection. 

Fig.  100  will  illustrate  not  oidy  the  original  Ilempel  burette 
with  level  tul>e,  but  also  the  method  of  connection  with  the  gas 
pipette,  and  also  the  way  in  which  the  ehistic  tube  is  joined  by  the 
intervening  ghiss  tube.* 

Hempel,  with  great  ingenuitj^  has  devised  sj)ecial  pipettes  to 
be  used  in  connection  with  the  burette,  and  which  render  the 
instrument  very  serviceable  for  general  gas  analysis.  The  pipette 
shown  in  fig.  100  is  known  as  the  simple  absorption  pipette,  and 
serves  for  submitting  the  gas  originally  in  the  burette  to  the  action 
of  some  special  absorbent.     With  a  series  of  these  pipettes  the  gas 


Fiif.  99. 


*  The  same  cbcmist  boa  Hinco  deflflrne<l  a  gus  burette  which  has  the  advantage  of 
beinf?  unaffected  by  tlie  fluctuating-  temi>eratiire  and  pressure  of  the  atmosphere.  Thia 
is  effected  by  connecting  the  measuring  apparatus  with  a  space  free  from  air,  but 
saturated  with  miueous  vapour.  A  figure  showing  the  omuigement  is  given  in 
C.  N.  Ivi.  254.  These  simpler  forms  of  gas  apparatus  in  great  variety,  including  vorioufl 
forms  of  the  nitrometer,  are  kept  in  stock  by  Messrs.  Town  son  and  Mercei*,  89  Bishops- 
gate  Street  Within,  Loudon,  E.G.,  and  probably  by  most  of  the  dealeiti  in  apparatus  in 
the  kingdom. 
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is  Bubiuitteil  to  tlie  actiou  of  Bi>cciaJ  absorbente,  one  after  anoUier, 
until  the  entire  compoaitiou  in  ascertained.  The  vonnectione  must 
ill  all  crtfies  bo  made  of  best  stout  niblier,  nnd  bound  with  wire. 


Fis-  lOO. 


Collection  and  meunrBmaiit  of  tbo  Chkm  over  Wiit«r. — l^oth  tubes 
uTc.  tilled  completely  witli  wnter  (preferably  already  snturated 
mei'banicnlly  with  the  gas),  care  being  token  timt  all  air  is  driven 
(lilt  of  the  elastic  tul)e.  Tlic  clip  is  then  closed  at  the  top  of  the 
buK'tte,  and  the  bulk  of  the  water  poured  out  of  the  level  Uiiie,  the 
elastic  tube  being  pinched  mcanwlule  with  the  finger  and  thumb  to 
prevent  air  entering  the  liurette.  The  Iatt«r  is  then  connected  by 
a  stjial)  gla-ss  tube  wttli  the  source  of  the  gne  to  be  examined,  when. 
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by  lowertug  the  level  tube,  the  gas  floH  8  in  ami  displaces  tlio  ivaUr 
from  tlie  burette  into  the  level  tul)e.  The  pressure  is  then  regHlateil 
by  raising  or  lowering  either  of  the  tul>es  until  both  are  level,  wlieii 
the  volume  of  giis  is  read  oif.  It  is  convenient  of  course  to  taku 
exactly  100  cc.  of  gas  to  save  calculation. 

Collection  and  meksurement  of  the  Oka  without  Water. — 111  tills 
case  the  three-wiiy  tap  burette  (fig.  99)  is  drJeJ  thoroughly  by  first 
washing  vith  akohol,  then  ether,  and  dmiving  air  through  it.  The 
three-way  tap  is  then  closed,  the  upper  tube  connected  with  the  gas 
supply,  and  the  burette  filled  either  by  the  pressure  of  the  gas,  or 
liy  using  a  small  pump  attached  to  the  three-way  cock  to  dniw  out 
the  air  and  fill  the  burette  with  the  gas.  AVhen  full  the  tajw  are 
turned  off,  and  connection  made  with  the  level  tube,  wliich  is  then 
filled  with  water,  the  tap  opened  ao  that  the  water  may  flow  into 
the  burette  and  absorb  the  sohdjie  gases  present.  As  the  burette 
liolds  exactly  100  e.c.  between  the  three-way  tap  and  the  upper  clip, 
the  pcri'entage  of  soluble  gas  is  shown  directly  on  Uic  graduation. 

The  method  of  Abaoriittou. — In  the  case  of  the  sim])lc  pipette 
fig,  100,  a  is  filled  with  the  absorbing  liquid,  which  reaches  into  the 
syphon  bend  of  the  capillary  tube ;  the  bulb  /'  remains  nenrlv 
empty.  In  onlcr  to  fill  the  instrument,  the  liquid  is  poured  into  li, 
and  the  air  sucked  out  of  a  by  the  ('ajnllary  tube.  It  is  convenient 
to  keep  ii  niunber  of  these  pipettes  filled  with  various  absorbents, 
11       k   1     nil  Veil    I 

An  tl  erp  p  tto  of  similar  diar- 

ter       1  n  fig.  101,  and  i.-- 

laj  t  1  f      ol  d  reagents,  such  a.i 

t   k  1  hospl  on  s  in  water.     The 

t  1 1  as  an  oi>ening  at  tlio 

I  ott  1    I    an  be  cktsed  with 

cao  tclo  esb|i|ier.  Thispijiette 

al  0    -^d  f     ubstirbing  CO-  by 

fill        t      th  1  lugs  of  wire  gauzi- 

u  I         t  c  jxit  >sh  solution,  so  an 

t    c  iKi      a  1    ge  actiic  surfaci; 

1    n  tl  e  1  ]     I  is  displaced  bv 

_       tlog 

K^liyiglll^iriKpillllllliyjllliiiJI^^  1      ^^j^     „      absorption,   the 

^^^^^^^-^^^^^^^^^      ;  Ua  y  I  t  he  is  connected  with 

I        tj  tl  c  b      tte        taining  the  niea- 

8       I  ga     Ij   a  small   eapillnry 

t  b    (fij,  101)  tl     p  n  1    o  k    f        r^  lie  n      pi,  tlien  by  raisii);^ 

tl  0  le  el  t  l>e  tie  ga     s   In        o  er   nto  tic  cylindrical  bulb, 

I  en.    t  d  SI  1  ces  a  port  on  of  tl  e  1  |    d    nto  the  globular  bulb, 

AM       tie     I    le  of  tie  gas      t        f    re  I  tl  o  i  nchcock  is  closed, 

n    1  tlealwo|ton|  onotdl       I  ak  n^  tl     t,  is  with  the  reagent. 

'\M  e     tl  0      t  ou    3  e    le  1      o  at  o         th  the  burette   is 
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restored,  and  the  gas  syphoned  hack  with  the  level  tuln*  into  the 
hurette  to  he  measured. 

The  double  absorption  Pipette  shown  in  fig.  102  is  of  great  utility 
in  preserving  al>sor))ents  which  would  l)c  acted  on  hy  the  air,  such 
for  inst«\nce  as  alkaline  pyrogallol,  cui>rous  chloride,  etc.  The  hull> 
next  the  syphon  tul)e  is  tilled  with  the  al>sorl>ent,  the  next  is  empty, 
the  third  contains  water,  and  the  fourth  is  empty.  When  the  gas 
is  passed  in,  the  intermediate  water  passes  on  to  the  hist  hulU 
to  make  room  for  the  gius,  thus  shutting  off  all  conttict  with  the 
atmosphere,  except  the  small  amount  in  the  second  hulh.  An 
arrangement  is  also  made  for  the  use  of  solid  reagents,  hy  sub- 
stituting for  tlie  globe  next  the  T^  capillary  tube  a  cylindricjd  bulb 
as  in  tig.  101. 

Hydrogren  Pipette. — The  hydrogen  gas  necessary  for  cxi)losions 
or  combustions  is  pr<Mluccd  from  a  hollow  rod  of  zinc  fixed  over 
a  glass  rod  passed  through  the  rublwr  stopper  (fig.  101).  The  bulb 
iK'ing  filled  with  dilute*  acid,  gas  is  genemted,  and  as  it  accumulates 
the  aci<l  is  driven  into  the  next  bulb  and  the  action  ceases. 

Explosion  Pipette. — Another  arrangement  provides  for  explosions 
bv  the  intnxluction  into  a  thicker  bulb,  mea.sured  volumes  of  the 
gas,  of  air,  and  of  hydrogen.  The  bulb  l)eing  shut  off  with 
a  stop-cock,  a  spark  is  passed  through  wires  sealed  into  the  upper 
portion  of  the  bull). 

Pipette  with  Capillary  Combustion  Tube. — This  simple  arrange- 
ment consists  of  a  short  glass  capillary  tulnj  bent  at  each  end  in 
a  right  angle,  into  which  an  asbestos  fibre  im])regnated  with  finely 
divided  palla<lium  is  placed,  so  as  to  allow  of  the  passage  of  the  gas.'*'' 
The  gas  iH'ing  mixed  with  a  definite  volume  of  air  in  the  burette, 
and  the  measure  ascertiiined  (not  more  than  2o  c.c.  of  gas  and  60 
or  70  c.r.  of  air),  the  aslu'stos  tul)e  is  heated  gently  with  a  small  gas 
flame  or  spirit  lami*,  and  the  pinchcocks  l)eing  opened,  the  mixture 
is  slowly  passed  through  the  iusl)estos  and  back  again,  the  operation 
being    rei>eated    so    long   as    any  combustible    gas    remains.     >io 

*  To  i>reptire  ptilladium  nghestoH,  dissolve  about  I  inn.  iNilluiliiiin  iu  aqua  rfgia, 
ftvaponite  to  dryuess  on  wutor  liath  to  expel  all  acid.  Dissolve  iu  a  very  small  quautity 
of  water,  aud.mldS  or  (>  c.c.  o(  Hutunite<l  solutiouof  80<lic  fonnate,  theu  sodic  carbonate 
until  stronicly  alkaline.  Intro<luceinto  the  liquid  al>out  1  tcin.  soft,  louff-tibred  asbestos, 
wliirli  should  absorb  the  whole  liiiuid.  Tlie  fibre  is  thou  dried  ut  a  fc^ntle  heut,  aud 
finally  in  the  water  litith  till  jwrfeetly  dry  ;  it  is  then  soaked  in  a  little  warm  water,  put 
into  a  (floss  funnel,  and  all  adherinK  salts  washed  out  carefully  without  disturbioK  the 
IMlhidiuni  deposit.  The  asliestos  so  preiiared  contains  about  50  per  cent.  Pd,'  and  in 
a  i)erfectly  ary  state  is  capable  «>f  causing  the  combination  of  H  and  O  at  ordinary 
temi)crature,  but  when  used  iu  the  capillary  tube  it  is  ureferaVile  to  use  heut  as  mentioned. 
Tlie  cauillarv  combustii>n  ttil)e8  are  about  1  m.m.  iK)re  and  5  m.m.  outside  diameter, 
with  a  leuKth  of  about  15  cm.  The  fiVtre  is  pluce<l  into  them  l>efore  bendintc  the  angles 
as  follows :  -  Lay  a  few  loose  flVires,  about  4  cm.  lon»f,  side  by  side  on  smooth  filter 
n:il)er,  moisten  with  a  drop  or  two  of  water,  then  by  sliding  the  fluKer  over  them  twisted 
into  a  kind  of  thread  about  the  thickness  of  daroiuK  cotton.  The  thread  is  taken 
c.irefuUy  up  with  pincers  and  dropped  into  the  tul)e  held  vertically,  then  by  aid  of 
water  and  geutle  shakiuK  move<l  into  position  in  the  middle  of  the  tube.  The  tube  is 
then  dried  iu  a  warm  place,  and  finally  the  ends  bent  at  right  angle  for  a  length  of  :i\  to 
4  cm.  Platinum  asbestos  may  be  prepared  in  the  same  way,  using,  however,  only  from 
half  to  one-fourth  the  qtuiutity  of  metal. 
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explosion  iiecil  1>c  fcarciL  The  residue  of  ^.ts  ultimately  obtained 
is  then  iiicnsuriHl,  luid  the  contraction  foiinil ;  from  this  the  volumB 
of  gas  liiirLicd  is  asccrtiiineil  either  directly,  or  liy  the  previous 
removnl  of  CO^  formed  liy  the  combustion  with  the  potash  pipett«. 
H  is  very  easily  Imrned,  CO  less  ensily.  Ethylene,  benzine,  and 
iicetylene  retiiiirc  a  greater  lieat  and  longer  time.  CH*  is  not 
affected  by  the  method,  even  though  mixed  with  a  large  excess  of 
combustible  gases. 


Fii;.  102. 


Ill  order  to  illuslnilo  the  uorkiiii;  o(  tlio  kIioIc  set  of  ajipiintus,  the 
nnnlysis  of  a  mixture  i-niil;iiiiiii;;  inosi  ur  ull  of  tlir  gnses  likely  to  be  met 
witli  in  actual  testing  is  given  from  a  [appr  contributed  bv  Dr.  W.  Uott 
(J.  S.  C.  I.  iv.  1G3).  The  mixture  of  Rases  coii'isia  of  CO",  O,  CO,  C^H*, 
CH*,  li  am!  N.  A  nample  of  this  j,***— wy  ]00  c.c— is  collected  and 
measured  in  the  liis  burette.  The  CO"  is  next  adsorbed  lij-  pnasiuB  the  gan 
into  a  pipotto  <K|,'.  100}  coulaintuf;  a  iKiIutioii  of  I  pati  of  KlIO  in 
2  parts  of  water.  To  ensure  a  mi>rc  rapid  absor].tion,  the  bulb  shown 
bi  fl|C.  IIII  eontniiiint;  tlio  I'Riiirtic  ]iotaii|i  may  lie  piirtly  tilled  with  plu^ 
ot  wire  i^nuze.  The  alKnrption  of  tlio  CO^is  almovt  iu^laiilaiieow.  It  \a 
only  necpss:iry  to  jrass  the  )WB  into  the  uppumtus  iuid  syphon  it  back  agaui 
to  be  measured.  The  contraction  produi^d  ({ives  directly  the  perccnta>;e 
of  CO',  since  100  c.c  tvere  u«ed  at  Niartiu);.  The  remainia){  gix  contjuiiii 
O.  CO,  H,  on;  Ca\  y.  The  oxyi^ea  is  next  absorbed.  This  way  be 
^c(:ted  ill  two  ivnys  by  mcami  of  muist  pbo^^phonis  or  by  an  alkaline 
wlution  of  pyro^Uic  nrlil.  The  foruier  method  is  by  far  the  more  elejcant  of 
the  two,  but  not  universally  applicable.  The  absorptiou  is  done  in  a  pipette 
(fl^.lOli,1hccorkcdbulbof  which  is  tilled  nilh  thin  sticks  of  yelloii'pho»phoru« 
MirrouiHledbyuatcr.  The  ins  to  be  tested  is  introduced  in  the  usual  manner, 
and  by  dis]ilsuing  the  water  come;*  into  contact  with  the  moist  surface  of  the 
phoiiphorus,  whii:h  speedily  absorbs  all  the  oxygen  from  it.  The  absorption 
proceeds  best  at  about  15— 20'  C,  and  is  complete  in  ten  minutes.  The  small 
(|Uinti(yof  P^O"  formed  by  the  abeorj'lion  dissolves  iu  the  water  present,  and 
thus  the  imrface  ot  the  phosphorus  nlwnys  remains  bright  and  active.  This 
i^at  uid  accurate  method  is  not  however  universally  applicable ;  the  following 
are  the  condilions  under  which  it  can  be  used : — The  oxygen  iu  the  gas  must 
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not  1)0  more  tliaii  50  per  cent.,  and  the  j^is  must  be  free  from  ammonia.  C-II* 
and  other  hydrocarboiiH,  vapour  of  alcohol,  ether  and  e«sential  oil«.  In  iho 
instance  cliosen,  the  pho!«phoru8  method  would  hence  not  be  ajiplicable,  i\b  the 
mixture  contains  C-H^ ;  therefore  pyro>fallic  acid  must  be  used.  The  absorption 
is  carried  out  in  the  compound  abiiorption  pipette  (fig.  102),  the  bulb  of  which 
is  completely  filled  with  an  alkaline  solution  of  pyro^llol  made  by  dissolving? 
J  part  (by  volume)  of  a  25  \^r  cent.  p3'n)>callic  acid  solution  in  6  parts  of 
a  60  per  cent,  solution  of  caustic  potash.  The  absorption  is  complete  in  about 
five  minutes,  but  mav  be  ha.»»tened  by  shaking.  The  remainder  of  the  gas 
now  contains  C-H^  CO,  CH\  H,  N,  and  the  next  st«p  is  to  absorb  the  C-li*  by 
moans  of  fuming  SO*,  the  CH"*  being  subsequently  determined  by  explosion. 
In  choosing  the  latter  method  a  portion,  say  half,  of  the  residual  gas  is  taken 
for  the  estimation  of  hydrogen.  The  absorption  of  the  hydrogen  is  ba.*iedon 
the  fact  that  ]>alladium  black  is  capable  of  completely  burning  hydrogen 
when  mixed  with  excess  of  air,  and  slowly  j>assed  over  the  metal  at  the 
ordinary  temi>crature.  About  1  k  gni.  of  palladium  black  are  plac<Mi  in  a  small 
U-tube  plunged  into  a  small  beaker  of  cold  water,  and  the  gas,  mixed  with  an 
excess  of  air  (which,  of  course,  must  be  accurately  measured),  is  passed  slowly 
through  the  tube  two  or  three  times,*  the  tube  at  the  time  being  connected 
with  an  onlinary  absor])tion  pi|)etto  filled  with  water  or  else  with  the  KOH 
]»i|»ette,  which  in  this  case,  of  course,  simply  serves  as  a  kind  of  receiver. 
Finally  the  gas  is  syphoned  back  into  the  burette  and  measured — two-thirds 
of  the  contraction  (correspond  to  the  amount  of  H  originally  present  in  the 
mixture  of  gas  and  air.  The  CIl**  is  not  attacked  by  ordinary  80  \)eT  cent.  SO^ 
Nordhausen  acid  during  the  absorption  of  the  C-H"*.  The  acid  is  contained 
in  an  absorption  pipette  (fig.  101),  the  bulb  of  which  is  filled  with  pieces  of 
broken  gla.»»s  so  as  to  offer  a  larger  absorbing  surface  to  the  gas.  The 
al)sorption  is  complete  in  a  few  minutes,  but  the  remaining  gas  ])revious  to 
moa.«uring  should  be  i>assed  into  the  KOH  pii>ette  and  back  again,  so  as  to 
free  it  from  fumes  of  SO^.  Residual  gas  :  CO,  CH^  H,  X.  The  CO  is  next 
absorbed  by  means  of  an  ammoniacal  solution  of  cuprous  chloride  in  a  com- 
])Ound  absorption  pi^KJtte.  The  gas  ha*  to  be  shaken  with  the  absorbent  for 
about  three  minutes.  It  must  bo  borne  in  mind  tliat  Cu-Cl-  solution  also 
aljfsorbs  oxygen,  and,  according  to  Hempel,  considerable  quantities  of  C'-H*, 
hence  these  ga^ses  must  lx»  removed  previously.  Residue :  CH.\  H,  N.  Both 
CH^  and  H  may  now  be  estimated  either  by  exploding  ^nth  an  excess  of  air 
in  the  ex]>losion  pii)ette  and  measuring  (1)  the  contraction  ])n>duced,  and  (2) 
the  amount  of  00^  formed  (by  means  of  the  KOH  pipette} ;  or,  a<icording  to 
Hempel,  absorb  the  hydrogen  first  of  all  as  described  above— provided  the 
U-tubo  be  kept  well  cooled  with  water,  inasmuch  as  that  at  about  200**  C. 
a  mixture  of  air  and  CH^  is  also  acted  upon  by  ])alladium.  The  presence  of 
CO,  vapours  of  alcohol,  benzine  and  hydrochloric  acid  also  interfere  with 
the  al)sori»tion  by  palladium. 

The  ];ialladium  may  be  used  for  many  consecutive  ex]>eriments,  but  must 
l>e  kept  as  dry  as  possible.  After  it  has  Ikkju  used  for  several  absori)tions  it 
may  be  regenerated  by  plunging  the  tube  into  hot  water  and  passing 
a  current  of  dry  air  through  it. 

Having  estimated  the  hydrogen,  the  CH"*  in  the  remaining  ]>ortion  of  the 
cas  has  to  be  detennined.  This  contains  CH"*,  X  and  H,  the  amount  of  the 
latter  being  knoivn  from  the  previous  experiment.  The  gas  is  mixed  with  the 
requisite  quantity  of  air  and  hydrogen,  introduced  into  the  explosion  pipette 
an<l  fired  by  means  of  a  spark.  The  water  resulting  from  the  combustion 
i-ondenses  in  the  bulb  of  the  pipette,  whilst  the  CO-  fonned  is  absorbed  by  the 
KOH  solution  present.  Hence  the  total  contraction  produced  corresi)onu8  to: 

a.  The  hydrogen  present  in  the  original  gas-}-^  its  vol.  of  O  (the  quantity 
requisite  for  complete  combustion). 

*Iustead  of  this  the  H  may  le  burned  iu  the  tube  coutuiiiing  the  palladium  asbeirtofii 
fib.'e  previouBly  described. 
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t.  The  known  qimutity  of  hydroKeu  ailded+ 1  itn  lol.  of  0. 
r.  The  CE*  iiiVMiil-t-:^  vols,  of  O  requisite  Tor  it«  cauibu<lioii. 
CU«  +  O'  =  (CO=  +  aH''0) 

2  i  iliHipp«an. 

Since  a  and  b  are  kDown,  or  cun  be  raidily  cilmihted  ffom  %\ie  prerious  d 
Viy  nubtrautiii)!;  (a  +  'O  from  the  tolil  uoiilrnctioii  it  is  iMMwible  to  obtftln  C 
{a  +  h)  ^prantnu'lioii  due  lo  CIV  alone,  and  □DO-thirdotthiiiKeqiuJ  toHj 
volume  of  CH'  firesni'.,  a«  nill  be  readily  teen  from  Uie  above  equation. 
Tho  reiiiaiiiin;;  uiliviiieii  in  esliniatiil  bj-  (lilTerenfe. 

ImcrovBd  arranKamant  of  Hempel'a  Flpetlea  for  atorlnB  siui 
ming  abBorbeiits.--P.  1',  lleclson  has  designt'il  dii  iirmnge- 
ineiit  of  iiiijcttes  wliidi  ho  uai-a  in  rounGftioii  wilh  a  Dittmar^ 
meiwuring   ftii|iaratU8,  l.ut  which    may    of    eoitrae  b«    hboiI  ' 


tttlier    forms   ot    },'m    ap]»amtiiB,    liy 
pipctW  are  sh 


1  fig.    103, 


ijiUl.le 


cnnccttona. 

il  thfir  HSU  limy  ]«  iIc-RcrilM 
(1  three-way  cock  A  is  at 
to  till'  Hoi)i]iel  pijiette— 
I'^ijiilhiry  is  drawn  out  and  !•« 
si.i  !is  to  pass  into  tliL-  luercu^ 
trough.  The  tap  ,' 
(ilacod  in  coniieetlon  witli  C,  < 
Avhirh  is  nttncheil  n  nioval ' 
iwfOuryreaervnirD.  In  v 
iHg,  '■.'/.,  trjiiisfftTins  gii?  I^o  E, 
t]j<:  iihsritknt  Hlls  £  and  the 
•■n]H!lnrv  of  tap  A,  fiy  t^iii^iiig 
II  tho  vessel  C  and  fapilhiry  l! 
aro  entirely  fiUi^d  n-ith  nn'icm-y. 
li,  of  e..,iree,  is  inim,^r.<^-.!  lu 
the  mercury  trough,  lliiviiig 
filled  B  with  mercitry,  tho  tr«t 
tulie  cnntniiiiiig  the  gas  to  bo 
examined  ifi  brought  o 
end  lit  1)  and  some  gas  drawn 
into  C  hy  deprutumg  I).  The 
tup  is  tlimi  turned  lo  pnt  tlir 
tulw  ill  eoimecLidD  with  £,  iind 
thci  gna  forced  intni  E  l>y 
Ily  mising  nnd  Jmvortng  the  tiilw 
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The  gas  may  bo  left  tliiis  for  some  houra ;  and  to  transfer  it  to 
the  tube,  C  and  E  are  placed  in  connection  by  suitably  turning  the 
taj) ;  then  by  depressing  1)  some  gas  is  drawn  into  C  and  tlie  tap 
turned  so  as  to  put  C  and  the  tube  in  connection. 

JJy  carefully  raising  1)  the  mercury  is  washed  out  of  B  and  some 
of  the  gas  passes  into  the  tube.  With  1>  clear  of  mercury  and 
tilled  with  gas,  the  tube  and  K  are  placed  in  connection  and  the 
gas  flows  out  of  E  into  the  tube.  When  the  liquid  from  E  has 
risen  so  as  to  fill  the  vessel  up  to  the  tap  (the  capillary  of  the  tap 
l)eing  also  tilled),  the  tap  is  turned  to  put  C  and  15  in  connection ; 
then  by  raising  D  all  gas  is  washed  out  of  C  and  ca]>illary  into  the 
tube  used  for  its  collection  and  transferred  to  the  measuring  tube. 

l*rofessor  Dedson  also  attaches  to  the  measuring  apparatus 
a  vessel  containing  a  known  volume  of  air  at  known  temperature 
and  pressure,  as  recommended  by  Lunge,  so  as  to  dispense  with 
the  otherwise  necessary  corrections.  Further  details  as  to  the 
various  uses  to  which  Hcmpers  gjis  pipettes  and  other  simple 
forms  of  gas  apparatus  may  be  adapted,  will  Ixi  found  in  Ilempel's 
(ras  AmdijMs  (Macmillan,  1892). 

THB  NITROKCETBB. 

S  10 1.  This  instrument  has  been  incidentally  alluded  to  in  §  70 
(page  262)  as  being  useful  for  the  estimation  of  nitric  acid  in  the 
form  of  nitric  oxide.  It  was  indeed  for  this  purpose  that  the 
instrument  was  originally  contrived,  more  especially  for  ascertaining 
the  [)roportion  of  nitrogen  acids  in  vitriol. 

The  instrument  has  been  found  extremely  useful  also  for  general 
technical  gas  analysis,  and  for  the  rapid  testing  of  such  substances 
as  manganese  peroxide,  hydrogen  i)eroxide,  bleaching  powder,  urea, 
etc.  The  api)aratus  in  its  simjUest  form  is  shown  in  fig.  104,  and 
consists  of  a  graduated  measuring  tube  fitted  at  the  top  with 
a  three-way  stop-cock,  and  a  glass  cup  or  funnel ;  the  graduation 
extends  from  the  tap  downwards  to  50  c.c.  usually,  and  is  divided 
into  ^j^  c.c.  The  plain  tube,  known  as  the  j»ressure  or  level  tube, 
is  about  the  same  size  as  the  burette,  and  is  connected  with  the 
latter  by  means  of  stout  elastic  tubing  bound  securely  with  w^ire. 
IJoth  tul)es  are  held  in  clamps  on  a  stand,  and  it  is  advisable  ti)  fix 
the  Imrette  itself  into  a  strong  spring  clamp,  so  that  it  may  be 
removed  and  replaced  quickly. 

One  great  advantage  over  many  other  kinds  of  technical  gas 
apparatus  which  i>ertains  to  this  instrument  is,  that  it  is  adapted 
for  the  use  of  mercury,  thus  insuring  more  accurate  measurements, 
and  enabling  gases  soluble  in  water,  etc.,  to  be  examined. 

Another  form  of  the  same  instrument  is  <lesigned  by  Lunge 
for  the  estimation  of  the  nitric  acid  in  saltpetre  and  nitraUi  of 
soda,  where  a  larger  volume  of  nitric  oxide  is  dealt  with  than 
occurs  in  manv  other  cases.  In  this  instrument  a  bulb  is  blown 
on  the  burette  just  below  the  tap,  and  the  volume  contents  of  this 
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bulb  being  founil,  the  graduation  showing  its  contents  begins  on  the 
tube  at  the  point  wliere  the  bulb  ends,  and  thence  to  the  bottom  ; 
the  level  tube  also  has  a  bulb  at  bottom  to  contain  the  mercurv 
displaced  from  the  burette.  Illustrations  of  this  form  of  nitrometer 
will  be  found  furtlier  on. 

The  following  description  of  the 
manipulation  requiretl  for  tlie  estima- 
tion of  nitrogen  acids  in  vitriol  ai)pnes 
to  the  ortlinary  nitrometer,  and  applies 
equally  to  the  estimation  of  nitrates 
in  water  residues  an<l  the  like  (sec 
l)age  468) : — 

The  burette  a  is  filled  with  mercurv  in 
such  quantit}'  that,  on  raisin;^:  b  and  keepinj? 
the  tap  open  to  the  Inirette,  the  mercury 
stands  quite  in  the  taphole,  and  about  two 
inches  up  the  tube  b.   The  tap  is  now  closed 
completely,  and  from  0*5  to  5  c.c.  of  the 
nitrous  vitriol  (according  to  strength)  poured 
into  the  cup.    b  is  then  lowered  and  the  tap 
cautiously  oj^cned  to  the  burette,  and  shut 
quickly  when  nil  the  acid  except  a  mere 
drop  has  run  in,  carefully  avoiding  the 
passage  of  any  air.     3  c.c.  of  stronj?  pure 
H-SO^  are  then  placed  in  the  cup  and  drawn 
in  as  before,  then  a  further  2  or  3  c.c.  of 
acid  to  rin.se  all  traces  of  the  sample  out  of 
the  cup.    a  is  then  taken  out  of  its  clamp, 
and  the  evolution  of  j^^as  started  by  inclininj^ 
itscvcral  timesalmost  toahorizonlal  positioii 
and  suddenly  ri;.rhtin;^'  it  aj^in.  so  that  tho 
mercurv  and  acid  are  well  mixed  and  shaken 
for  a  minute  or  two,  until  no  further  gas  is 
evolved.    The  tubes  are  so  placed  that  tho 
mercury  in  b  is  as  much  higher  than  that  in 
a  as  i^  required  to  balance  the  acid  in  a ; 
this  takes  alxjut  one  measure  of  mercury  for 
6  5  measures  of  acid.    AVhen  the  gas  has 
assnraed  the  tomi>erature  of  the  room,  and 
all  froth  subsided,  the  volume  is  read  off, 
and  also  the  temperature  and  pressure  from 
a  therniometf  r  and  ])arometer  near  the  place 
of  operation.     The  level  should  be  checked 
by  o])enin^  the  tip,  when  tlie  mercury  level 
oui^ht  not  to  change.    If  it  ri.<es,  too  much 
pressure  has  been  given,  ami  the  reading 
mu>t  be  increased  a  trifle.     If  it  sinks,  thi' 
revers:j.    A  good  plan  is  to  put  a  little  acid 
into  the  cup  before  o]>ening  the  tap:  this 
will  be  drawn  in  if  pressure  is  too  low,  or 
])lown  u]^  if  tor)  high.    These  indications  will  ^erve  for  a  correct  repetition 
of  the  experiment. 

To  empty  the  a})])uratus  ready  for  another  trial,  lower  a  and  open  the  tap, 
then  nxise  b  so  as  to  force  lx)th  gas  and  acid  into  the  cuj) ;  by  opening  the  tap 
then  outwards,  the  bulk  of  the  acid  can  be  collected  in  a  beaker,  the  last 
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dropH  being  wi lied  out  ivith  blotting-iuipor.    It  ih  hardly  necessarr  to  my  tfait 
the  Up  mui't  be  (boroujirhly  tigbt,  and  kept  no  by  the  um  of  a  little.  Ttseline, 
takia;;  ore  thnt  none  ^-els  into  the  bore-hale. 
The  calcuUtiom  for  nitrogen  are  given  on  page  262. 

It  is  evident  that  the  nitrometer  can  be  maJe  to  replace  Hempel's 
burette  if  so  ronuireil,  by  nttaching  tn  tlie  aide  oiteiiinK  of  the  three- 
way  taj)  the  various  pijiettes  previously  (Iuacril>ed,  or  snwller  pipettes 
of  the  same  kind  to  be  used  with  mercitrj-,  aa  ilcscribed  by  Lungo 
{lim-ichte,  siv.  U.  92). 

The  instrument  may  also  l>e  very  well  employed  for  collecting, 
mcastiriug,  and  analy;iin(|  tlie  gases  diasolveil  in  water  or  other 
liquids.  An  illustration  of  this  metJiwl  is  given  by  Lunge  and 
Schinidt  {%.  a.  C.  xxv.  309)  in  the  examination  of  a  sample  of 
water  from  the  hot  spring  at  I./'iik  in  Switzerland. 


Tlie  determination  of  the  dissolved  gases  was  made  in  the  nitrc- 
nieter,  armngcd  as  sJiown  in  figs.  105  and  lOG  : — 

Tlip  flask  A  is  completely  filled  with  tlie  w.-iler;  uu  indiiinibWr  plug  ivitli 
a  capillary  tube  (n)  passing  through  it  Is  then  itiHertod  in  the  flnxk,  mnd  the 
tube  iit  th'ereby  completely  filled  with  wnter.  The  whole  i»  llien  weighed, 
Slid  ttio  difleren:?c  betneeu  thin  and  the  weight  of  the  empty  Bask  and  tube 
pven  the  nmnimt  ot  wiiler  taken.  The  end  of  the  capillary  tube  is  then 
(Mnnoct«d  to  the  side  tube  of  the  nitrometer  by  the  tube  ft.  The  nitrometer 
is  t^n  completely  filled  with  mcrcnry,  and  when  the  tabes  are  qniet.  tlie  flask 

and  measuraig  liibc  of  the  nitrometer  ore  quipklypUcftd  ir  ■'       -'" 

out  the  iatroductioD  of  the  ulightest  tncc  of  a'       "" 


The  water  in  the  flask  is 
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then  slowly  heated  to  boiling.  Some  water  Jis  well  as  the  dissolved  pases 
collect  ill  the  measuring  tube  of  the  nitrometer.  The  tube  N  of  the  nitro- 
meter should  be  lowered  in  order  that  the  boiling  may  tiike  place  under 
reduced  pressure.  After  boiling  for  five  to  ten  minutes,  the  stop-cock  is 
(juickly  turned  through  180",  so  that  tlie  flask  is  placed  in  combination  with 
the  cup  B  containing  mercur\%  and  the  flame  removed.    Since  the  mercury 
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Fig.  109. 

stands  lower  in  N  than  in  !M,  it  is  not  po-siblc  for  any  loss  of  gas  to  take 
]>lacc  at  the  moment  of  turning  the  tap.  It  is  also  impossible  for  any  gsis  or 
>toani  to  cs<Nipe  through  the  mercury  cup,  since  the  pressure  is  inward. 
A  small  bubble  of  gas  always  remains  under  the  stopper;  this  is  brought  into 
M  by  lowering  the  tube  N  as  much  as  ^wssiblo,  and  then  turning  the  stop- 
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cock  8<)  that  the  flask  and  ine:isuriug  tube  are  a^in  placctl  in  connection,  and 
^then  the  bubble  has  passed  over,  quickly-  reversing  the  taj*  a«:ain. 

When  the  whole  of  the  ^'as  is  collected  in  the  nitrometer,  it  is  connected 
with  a  second  instrument  0  1*,  quite  full  of  mercury-.  The  pis  is  then 
transferred  by  placinj?  the  taj)  in  such  a  ])osition  that  it  is  closed  in  all 
directions,  and  the  tube  M  is  heated  by  i)assin^  steam  throuj^h  the  tube  K. 
When  it  is  (juite  hot  the  tube  N  is  lowered,  causinj<  the  water  in  M  to  boil, 
in  order  to  ex])el  every  trace  of  dissolve<l  ^s.  The  taps  are  then  placed  in 
connection  and  the  t^aa  passes  over.  It  can  then  be  cooled,  measured,  and 
submit te<l  to  analysis.  Two  experiments  srave  605  jrm.  water  taken,  pas 
evolved  5()o  c.c.,=  l()02  i>er  KKK)  jrm. ;  502  gm.  water  taken,  gas  evolved 
4-94  c.c.,^9-84  i^er  lOUO  gm. 

Lungre's  Improved  Nitrometer  for  the  Oas- Volumetric  Analyses 
of  Permangunate,   Chloride   of  Lime,   Kanganese,   Peroxide,  etc.— 

Lunj^e  in  dcscrilnng  tliis  iiistrumont  (J.  C.  *S.  /.  ix.  21)  says: — 

*•  In  a  paper  published  in  the  Chemische  Ltdnsfrie,  1S85,  101,  I  described 
the  manifold  uses  to  which  the  nitrometer  can  be  put  as  an  apparatus  for 
gas  analysis  projier,  as  an  absorptiometer,  and  especially  for  gas- volumetric 
analyses.  To  fit  it  for  the  last-mentioned  objetrt,  I  added  to  it  a  flask, 
])rovided  with  an  inner  tulK»  fu««ed  on  to  its  bottom,  and  suspended  from 
th<»  side  tube  of  the  nitrometer,  as  shown  in  fig.  107,  which  at  the  same 
time  exhibits  the  Greiner  and  Friedrich's  patent  tap.  This  shows 
how  any  ordinary  nitrometer.  su(!h  as  are  now  found  in  most  chemical 
labonitories,  can  be  applie<lto  tlie  before-mentioned  uses.  AVhere.  however, 
the  methods  concerned  are  to  be  employed  not  merely  occasionalh',  but 
regularly,  it  will  be  preferable  to  get  a  nitrometer  specrially  adapted  to  this 
use,  of  which  figs.  UW  and  ]()(>  show  various  forms.  They  have  no  cup  at  the 
top,  which  is  quite  unnecessary  for  this  puriM)se,  but  merely  a  short  outlet 
tul>o  for  air.  Fig.  lOS  shows  an  instrument  provided  with  one  of  the  new 
patent  tai>s,  which  are  certainly  very  handy,  and  cause  a  much  smaller 
numl)er  of  spoiled  tests  than  the  onlinary  three-way  taj>,  as  shown  in  fig.  109, 
which  at  the  same  time  exhibits  the  form  of  nitrometer  intended  for  large 
quantities  of  gas,  the  upi>er  part  being  widened  into  a  bulb,  b<'low  which  the 
graduation  begins  with  either  60  or  100  c.c,  ending  at  lOJ  or  140  c.c. 
n»spectively.  There  are  aNo  various  .nhapes  of  flasks  shown  in  these 
iosiruments,  but  it  is  unne<"es«*ar\'  to  say  that  these,  as  well  as  the  bulb 
arrangements,  can  be  applied  t«  any  other  form  of  the  instrument.  The 
nitrometers  used  for  gas-volumetric  analyses  are  best  graduated  in  such 
manner  that  the  zero  j)oint  is  about  a  centimeter  b.dow  the  tap,  whilst 
ordinary  nitrometers  have  their  zero  point  at  the  tap  itwlf.  I  will  »%y  at 
once  that  for  all  e^imationsof  oxygen  in  ))ermang:inatc,  bleach  or  manganese 
(see  jtages  123,  lt55),  it  is  quite  unnecessary  to  employ  mercury  for  filling  the 
instruments,  since  identical  results  are  obtained  with  ordinary  tap  water; 
but  it  is  decidedly  advisable  to  place  this  instrument,  like  any  ordinary 
nitrometer  or  an//  other  api>aratus  in  which  gases  are  to  be  measured,  in 
a  room  where  there  are  as  few  changes  of  temperature  by  cold  draughts  or 
g:is-bumers  and  so  forth  as  possible. 

"  It  may  be  as  well  to  give  here  a  general  description  of  the  mode  of 
procedure  for  manipulating  gas-volumetri(^  analysis  with  the  nitrometer, 
common  to  all  analyses  according  to  this  method.  Fill  the  nitrometer  with 
water  or  mercury  by  raising  the  level  tube  till  the  level  of  the  liquid  in  the 
graduated  tube  is  at  zero  (in  the  ca«»e  of  instruments  bearing  the  zero-mark 
a  little  l)elow  the  tap,  as  in  figs.  lOvS  and  109),  or  at  10  c.c.  (in  the  case  of 
ordinary  nitrometers  beginning  their  graduation  at  the  tap  itself).  It  is 
unnecessary  to  say  thai  in  the  latter  case  all  readings  must  be  diminished  by 
1  c.c.  Close  the  glass  tap.  Put  the  substance  to  be  tested  into  the  outer 
space  of  the  flask,  together  with  any  other  reagent  apart  from  the  H-0-  (in  the 
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cai»e  of  bleach iuj?-po\v(ler  uothins?  but  the  bleach  liquor,  in  that  of  permau- 
j<anate  the  30  c.c.  of  sulphuric  acid,  etc.).  Now  put  the  H-O-  into  the  inner 
tube  of  the  flask,  aft^r  havinjf,  in  the  case  of  t^stinjjr  for  chlorine,  made  it 
alkaline  in  the  previously  described  waj-.  Put  the  india-nibber  cork,  still 
hanging  from  the  tap,  on  to  the  flask,  without  warming  the  latter  as  above 
described.  As  this  produces  a  cx>niprcssion  of  the  air  within  the  flask, 
remove  this  by  taking  out  the  key  of  the  tip  in  figs.  107,  108,  or  109, 
turning  it  for  a  moment  so  as  to  communicate  with  the  short  outlet  tube. 
Xow  turn  the  tap  back,  mix  the  liquids  by  inclining  the  flask,  shake  up  and 
allow  the  action  to  proceed.  As  the  gas  passes  over  into  the  graduated  tube, 
loAver  the  level  tube,  so  as  to  produce  no  undue  pressure ;  at  last  bring  the 
liquid  in  both  tubes  to  an  exact  level  and  read  off. 

**  In  the  case  of  bleach  analysis  all  the  oxygen  of  the  chloride  of  lime  is 
given  off,  together  with  exactly  as  much  oxygen  of  the  H-O^.  The  total  is 
just  equal  to  the  volume  of  chlorine  gas  which  would  be  given  off  by  the 
chloride  of  lime,  and  thus  immediately  represents  the  French  or  Gay-Lussac 
chlorometric  degrees,  of  course  after  reducing  the  volume  to  0°  and  7G0  m.m. 
pressure.  (The  reading  of  the  barometer  must  be  corrected  by  deducting 
the  tension  of  aqueous  vapour  for  the  temperature  observed  as  well  as  the 
expansion  of  mercury,  according  to  the  tables  found  everywhere.)  These 
reductions  can  easily  be  performed  by  the  tables  contained  in  the  "  Alkali- 
Makers'  Pocket-book"  (pages  28  to  39),  which  I  had  calculated  a  number  of 
years  ago,  just  in  order  to  facilitate  the  use  of  the  nitrometer." 

Iiung:e*s  aasvolumeter  is  an  ajipuratus  for  dispensing  Avitli 
reduction  calculations  in  measuring  gas  volumes  (described  by 
Lunge  in  ZeUsrhrift  f.  amjeir.  CJiem.  1890,  139 — 144,  and  here 
quoted  from  /.  S,  C.  I.  ix.  547). 

In  technical  gas  analysis  a  considerable  amount  of  time  is  taken 
up  by  calculations  for  reducing  gas  volumes  to  standard  temperature 
and  pressure.  In  pure  gas  analysis  the  inconvenience  is  not  so 
great ;  for  technical  purposes  the  initial  and  end  temperature  and 
pressure  may  be  taken  as  the  same,  owing  to  the  short  duration  of 
the  exi>eriment,  and  for  more  accmrate  purpose  "compensators" 
have  been  devised.  AVhere,  however,  the  gas  to  be  measured  is 
evolved  from  a  weighed  quantity  of  a  liquid  or  solid  (so  that 
volume  and  weight  have  finally  to  l)e  connected)  the  matter  is 
diff(»rent,  and  rea< lings  of  thermometer  and  luirometer  have  to  be 
made,  and  then  the  necessary  calculations  are  to  l>e  gone  through. 
Tables  of  reduction  have  certainly  been  compiled  for  reduction  of 
gases  at  various  temperatures  and  ju'essures,  but  still  readings  of 
tlierniometer  and  barometer  have  to  be  made,  and  part  of  the  time 
only  is  saved.  To  further  reduce  the  time  occupied  and  to  render 
the  technical  chemist  in  this  department  to  a  great  extent 
independent  of  temperature  and  atmospheric  pressure  the  present 
api)aratus  has  been  constructed. 

IJy  means  of  a  T'^ube,  1)  (fig.  110),  and  thick-walled  rubber  tubing, 
are  connected  the  three  tubes  A,  B,  C.  A  is  for  measuring  the  gas ;  it 
jiay  be  any  form  of  nitrometer,  a  Bunte's  burette  or  other  convenient 
ourette.  B  is  the  "  reduction  tube,"  which  has  at  its  upper  end  a  spherical 
or  cylindrical  bulb.  The  volume  to  the  first  mark  is  100  c.c  ,  the  remaining 
narrow  portion  of  the  tube  being  calibrated  up  to  130 — 140  c.c.  in  divisions 
representing  l^V  c.c.     This  '•  reduction  tube  "  is  set  once  for  all  at  the 
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hci^innin^  of  work  by  ob!H»rvinj(  thermometer  and  barometer.  nlcuLitin^c  the 
volume  which  100  o.r.  of  perfectly  dry  air,  meanircd  at  0'  C.  and  760  m.m., 
would  occupy  under  the  existin*;  conditions.  This  quantity  of  air  is  then 
introduced,  and  the  tube  close<l  by  means  of  the  stop-cock  shown,  or  by 
fusiniar  up  the  inlet  (having  in  place  of  the  inlet  tube  shown  in  the  ft^re 
a  tube  of  capillary  bore).  If  it  be  nece5*sary  to  measure  the  fras  moist  a  drop 
of  water  is  intnMluccd  into  this  tul>€,  and  of  course  in  the  calculation 
necessary  the  barometric  prensure  nunt  be  reduced  by  the  vajvour  tension  of 
water ;  if  the  ^(asei*  are  to  be  measured  perfectly  dry  (as,  for  instance,  when 
u^iinu:  the  nitrometer  with  sulphuric  acid),  a  drop  of  sulphuric  acid  takes  the 
phu^e  of  the  water. 

C  is  the  pressure  or  levelling  tube. 

If  necc8sjiry  for  the  ])urpose  of 
rejL^ulatin^  the  toni]»orature  A  and  B 
may  be  surrounded  with  water-jackets. 
A,  IJ,  and  C  are  supporte<l  by  spring: 
clamps.  It  is  easily  seen  that  when  by 
niisin^  C  the  level  of  the  mercury  in 
B  has  been  forced  up  to  the  mark 
KX),  exactly  the  amount  of  pressure  is 
exerted  by  C  as  will  <'ompre!*s  the  ^s 
in  B  to  its  volume  under  standard 
«'onditions. 

In  takinj?  a  rejidin.ir  A  and  B  must  be 
levelled  and  themercurv  level  in  B  must 
have  l)een  bn)u<:ht  up  to  100.  The 
volume  shown  on  A  ijithcn  the  volume 
reduced  to  standard  tempeniture  and 
]»ressure.  In  c'i«*rs  where  the  i(as  is 
^'cneratcd  in  A  itself,  or  whore  the  )^as 
is  transferred  to  A,  this  is  all  that 
need  be  done.  If,  however,  the  ^is  is 
^^enenited  in  a  side  apparatus,  as  shown 
in  fiir.  110,  A  and  (■  must  first  be 
levelle<l  and  the  stoji-cock  of  A  then 
closed  so  that  the  ^'as  in  A  is  <'ollecte<l 
at  atmospheric  pressurt\  After  this 
reduction  may  be  effecte<l  as  already 
oxplained. 

in  nitro;^en  determinations  by 
Dumas'  method,  A  contains  caustic 
]»otash  OS  well  as  men*ury;  this  is 
comi»ens;ite<l  by  having  on  the  reduc- 
tion tube,  B,  a  mark  at  a  distance 
below  the  1(K)  mark  eipial  to  one-tenth 
of  the  heij^'ht  of  the  caustic  potash 
column  (sp.  ^r.  of  the  caustic  potash 
equals  one-tenth  sp.  ^r.  of  mercury)  ; 
when  taking?  a  reading'  the  mercury  in 
B  must  be  at  HX),  and  that  in  A  must 
be  on  a  level  with  this  new  lower  mark 
of  B.  Similar  allowance  may  be  made 
in  nitrometric  determinations,  but  the 
case  is  hero  more  diflicult,  owin^  to 

the  variations  in  the  quality  and  si^cific  •».      -  .^ 

gravity  of  the  sulphuric  acid  used.    It  ^^' 

is  better  in  sucrh  cases  to  liberate  the  j?ae  in  a  separate  vessel  and  transfer 
subseciucntly  to  the  burette  for  reduction  and  measurement.     Fig.   Ill 

O  O  2 
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lihonu  !i  uonvenieiit  torm  of  a|i]>arattis.  Of  eoiirsp  tlip  irorkinf^  part  E,  F 
need  not  bo  i^mJuatcd.  Before  beKiimin^  tlie  oi-erntioii  the  mcTCiiry  i* 
miulc  to  fill  E  ivilih  the  siile  tube  o,  which  side  tube  is  then  papi>ed  with 
a  cauiitulioiii:  st<iu|)er  to  nreTeiit  cixnipe  of  llic  mercury  duriui|f  iiubwquent 
NliakiiiK-    A,  with  it«  fine  tube  e,  h  also  i^oiupletel.v  filled  with  mercury. 


Tot 


Tlic  siibstaDce  under 
through  C  as  iiiiual. 
nutl  a  i»  filled  to  e  by  ... 
iiiid  C  lowered,  the  taps 
tlic  acid  iu  E  ju»t  fill»  e. 


jinpletely  fi 

aud  subsequently  the  api<l.  are  added. 
ii^fer  the  rhs  from  E  to  A,  the  cap  b  is  removed 
1  or  llie  rubber  counectjoo  d.  ¥  i»  thou  mised 
c;irefully  o|)cned.  and  truni^ference  effevted  ilutiL 


Fie.  111. 

A  fiirtlier  saving  of  time  nmy  bp  effected  in  worlis,  where  tlie 

iiistmiiiciit  is  Ui  h<i  used  for  .ilivaj-.s  one  and  tlie  same  object,  by 

marking  on  tlie  gns  burette  or  nitrometer  the  weight  in  milligrams 

ci>rre3i)ondinj;  to  certain  volumes ;  this  may  be  done  either  instead 
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of  or  alongside  the  c.c.  divisions ;  or  by  using  a  fixed  (juantity  of 
sul)st;ince,  percent^iges  may  1)0  marked  off  <lirectly.  For  nitrogcMi 
tleterminations  l)y  i)uinas'  nietlicMl  1  c.e.  of  nitrogen  under  normal 
eonditions  weighs  1*254  m.gm.  In  the  ease  of  jizotometrie  d(»t*'r- 
minations  of  ammoniaeal  nitrogen  (hy  sodie  hypohromite)  tlio 
graduations  may  he  made  t^)  re|)resent  ammonia.  Correction  must 
he  made  in  graduating,  liowcver,  for  the  incompleteness  of  the 
reaction.  Tahles  giving  the  eorrecti<ms  have  heen  introduced,  but 
the  author  has  shown  (Chotn.  Iwl.  1885,  105)  that  these?  may  he 
<lispcnsed  with,  and  that  it  is  sullieient  to  make  a  correction  of  2*5 
per  cent.     For  urea,  liowever,  the  (correction  is  9  per  cent. 

The    following   UxhXQ.   shows    suhsUinces   for   which   gasometric 
metluxls  are  used  : — 


Basis  to  which      j 

Method 
Euiplojed. 

0*s 
EToived. 

1  c.c.  of  Oaa 

Substance. 

I'ercentogos  aro 
Calcuhtted. 

=  ni.gm.  of  Basis, 
(Col.  II.) 

•  Ori^imicsub'tt  uiccs 

Nitrogen 

Duma.s* 

N 

l'2r>4 

Ammonia  j»:ilt<   ... 

» 

llypobrmte. 

N 

1-285* 

*»            j> 

Ammonia 

» 

N 

1-6G1* 

Urine  

Urea 

Cirbon  dioxide 

Decomposed 
with  HCl 

N 

C02 

lOOG 

.  Bonc-oUarcoal,  etc. 

t'                  yy 

Calcic  carbonate 

j» 

C02 

4-4G8 

Pyrolusito  

ManKiinese  dioxide 

By  IVO' 

0 

3-882 

!  IJUioching  powder 

Chlorine 

•^ 
)) 

o 

1-5835 

Potissio     i)erman- 
iriuiatc 

Oxyj^en 

»» 

0 

0-715 

\  Chili  sjiltpotre    ... 

SoJic  nitrate 

Nitrometer 

NO 

3  805 

j  Nitrous  bo<lios    .. 

N^O^ 

»♦ 

NO 

1701 

1         .*  f            )  > 

HN(>» 

»* 

NO 

2-820 

1         "'            >» 

Nitric  acid  80'  B. 

ft 

NO 

6333 

,         •»            >% 

Sodic  nitrate 

i» 

NO 

3  8U5 

!  Nitroj^lycerol,  d}'- 
;       namite,  ot" 

Trinitroglycerol 

II 

NO 

3387 

1         •»            »» 

Nitrogen 

>» 

NO 

0-G2G7 

Nitrocellulow,  py- 
1  • 

•• 

■  • 

NO 

OC2C7 

roxylui    

/ ' 

r  w 

*  The  corrections  above  referred  to  have  hero  already  beea  made. 

Professor  Japp  (./.  C.  S.  lix.  894)  describes  a  modification  of 
Lunge's  ga.svolumeter,  hy  means  of  which  with  accurately 
gr.iduated  ordinary  50  c.v..  gas  burettes  any  rec^uircd  single  gas 
may,  without  ob.^ervation  of  temperature  or  ]  pressure,  and  without 
calculation,  he  measured  under  such  conditions  that  each  c.c. 
represents  a  milligram  of  the  gas.  The  name  "  gravi » olumeter  " 
is  appropriately  given  to  this  instrument,  and  it  undoubtedly 
])ossesses  this  advantage  over  Lunge's  instrument,  that  it  obviates 
the  necessity  of  having  a  numlwr  of  different  gjisvolumeters  for 
iliflferent  .substances,   and  moreover   its  manufacture  involves  no 
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large  amount  of  skill,  as  the  ordinary  graduation  in  c.c.  in  y^  or  ttV 
is  all  that  is  required. 

The  ajipjinitus  is  represented  in  R^.  112.  It  coasists  of  two  gas  burettOK, 
of  5()  CO.  (capacity  each,  both  furnished  with  obliquely  bored  taps.  One  of 
these  burettes.  A,  which  has  a  three- way  tap,  is  the  gas  measuring 
tube:  the  other,  B,  which  need  only  have  a  single  tap,  ]>erforms 
the  function  of  the  regulator  in  Lunge's  gasvolumcter,  and  may 
]je  tennotl  the  "regulator  tube."  As  in  Lunge's  instrument,  both 
tulx»s  are  moistened  internally  with  a  droji  of  water,  in  order  that  the  gases 
they  contain  may  be  saturated  with  aqueous  vapour,  and  both  are  connected, 
by  means  of  stout,  flexible  tubing  and  a  T-pi6<^<^>  ^i^h  the  same  movable 


rig.  112. 

reservoir  of  mercury,  C.  And  since,  in  certain  determinations,  the  level  of 
the  men:ury  reser>*oir  is  considenibly  below  the  lower  end  of  the  two 
burettes,  aind  an  inward  leakage  of  air  might  thus  occur  at  the  junctions  of 
the  burettes  with  the  india-rubber  tubing,  these  junctions  arc  surrounded 
with  pitKies  of  wider  india-rubber  tubing,  I),  1),  tied  round  the  bottom  and 
open  at  the  top,  and  filled  with  water,  so  as  to  form  a  water  joint. 

The  25  ry.  division  of  the  regulator  tube  is  taken  as  the  starting  i^oint  in 
calcuhitin;:  what  may  be  termed  the  '*  gravivolumetric  \-alues"  of  the 
different  gases  to  be  measured.     Thus  in  the  case  of  nitrogen  it  is  necessary 
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to  calculate  to  what  volume  25  c.c.  of  standanl  dry  uitroKcn  must  -be 
brought  in  order  that  1  v.c.  may  correspond  with  I  ra.^^m.  of  the  jj:as;  that 
is  to  ray,  25  c.c.  of  standard  dry  nitroj^'cn  wei^h  0C)01256 x 25  =  0 0314  >?m. ; 
and,  therefore,  these  31  4  m.gm.  nuist  be  brought  to  the  volume  of  31'4  c.c. 
The  division  31*4  on  the  regulator  tube  is  marked  N-.  Correspondinjf  points 
are  in  like  manner  detenuined  for  the  various  other  gases  which  it  is  desired 
to  measure,  and  these  ix)ints  are  marked  0-,  CO-,  &c.,  a«»  the  case  may  be,  on 
the  regulator  tube.  Finally,  the  thermometer  and  barometer  are  read 
(a  proce5s  only  necessary  once  for  all  in  setting  the  regulator),  the  volume 
which  25  c.c.  of  staiidani  dry  air  would  occupy  if  measured  moist  at  the 
ob'ier\*ed  temperature  and  pressure  is  calculated,  and  this^  calculated  volume 
of  air  is  admitted  at  atmos})heric  temperature  and  pressure  into  the  regulator 
tube  and  the  tap  closed.     The  instrument  is  now  ready  for  use. 

Suppose  it  is  desired  to  a»ccrtaiu  the  weight  of  a  ciuantity  of  nitrogen 
containetl  in  the  mejisuring  tube.  The  mercury  reservoir  is  raised  or 
lowered  until  the  mercury  in  the  regulator  tube  stand  at  the  nitrogen  mark, 
31*4,  at  the  same  time  adjusting  the  regulator  tube  itself  by  raising  or 
lowering  it  bodily,  so  that  the  mercury  level  in  the  measuring  tube  and  the 
regulator  tul)e  may  be  the  same.  Under  these  circums faucet  each  cubic 
centimeter  of  gan  in  the  measuring  tube  represtnta  1  m.gm.  of  nitrogen.  For 
since  in  the  regulator  tube  25  c.c.  of  standard  dry  air  have  been  made  to 
occupy  the  volume  of  31*4  c.c,  and  since  the  gases  in  the  two  tubes  are 
under  the  sjunc  conditions  as  regards  temjieniture,  pressure,  and  saturation 
with  axjueous  vajiour,  therefore,  in  the  measuring  tube,  every  25  c.c.  of 
standard  dry  nitrogen  have  also  been  made  to  occupy  the  volume  of  31*4  c.c. 
But  25  c.c.  of  standanl  dry  nitrogen  weigh,  as  we  have  seen,  31*4  m.gm  ;  so 
that  the  problem  is  solve<l.  and  the  cubicr  centimeters  and  tenths  of  cubic 
centimeters  give  directly  the  weight  of  the  g:is  in  milligrams  and  tenths  of 
milligrams. 

The  various  other  single  (i.e.,  unmixed)  ga.scs  may  lx>  weighed  in  like 
manner  by  bringing  the  mercury  in  the  regulator  tube  to  the  "gravi- 
volumotric  mark  "  of  the  gas  in  question,  and  adjusting  the  levels  as  before. 
An  c.\ce])tion  would  be  made  in  the  case  of  hydrogen,  which  would  be 
brought  to  such  a  volume  that  the  cubic  centimeter  would  contain  a  tenth 
of  a  milligram. 

Mixtures  of  gase^  may  also  be  weighed,  provided  that  the  density  of  the 
mixture  is  known. 

La.stly,  if  the  mercury  in  the  regulator  tube  be  brought  to  the  mark  25 
and  the  levels  adjusted,  a  gas  or  mixture  of  gases  in  the  measuring  tube 
will  have  the  volume  which  it  would  occupy  in  the  ."itandard  dry  state.  In 
this  form  the  instniment  is  merely  a  gasvolumeter,  as  described  by  Lunge, 
and  may  be  used  for  ordinary  gas  analysis. 

The  experiments  made  by  Jaj)j)  "with  the  view  of  ascertaining 
the  degree  of  accuracy  of  which  the  apparatus  is  capable  were 
very  satisfactory,  details  b(?in^  given  in  the  paper  mentioned.  Tlie 
substiinccs  experimented  on  were  Methane,  Avith  a  gravivolumetric 
value  of  17*9;  Nitrogen,  31*4;  Air,  32*35;  and  Carbon  dioxide, 
49  3. 

The  measuring  tube  and  regulator  tube  were  held  by  a  double  clamp,  the 
arms  of  which  could  be  moved  horizontsilly,  so  as  to  admit  of  bringing  the 
tul)e8  close  together  when  necessary.  The  two  tubes  were  so  arranged  that, 
after  adjusting  the  levels  and  ascertaining  that  the  mercury  in  the  regulator 
tulx?  was  at  the  gravivolumetric  mark,  it  was  possible  to  read  both  levels 
without  moving  the  jjositiim  of  the  eye.  The  object  of  this  was  that  nuy 
l>ossibJe  error  of  parallax  might  occur  ecjually  and  in  the  same  direction  in 
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hoth  tubes,  ill  which  case  the  two  errors  would  tend  to  neutralize  one  another 
in  the  final  result.*  The  mercury  reservoir  was  held  by  a  clamp  attached  to 
a  separate  stand,  so  that  in  the  case  of  extreme  differences  of  pressure  the 
entire  stand  could  be  placed  on  a  different  level  from  the  rest  of  the 
apparatus. 

Assumin;^  the  graduation  of  a  jxravivolimieter  to  be  correct,  or  the  defects 
of  graduation  to  be  eliminated  by  calibration,  the  sources  of  error  in  such 
an  instrument  are,  broadly  speaking,  four  in  number,  and  are  to  be  found  in 
imi)erfoctions  (1)  in  filling  the  regulator,  (2)  in  adjusting  the  levels,  (3)  in 
reading  the  regulator,  and  (4)  in  reading  the  measuring  tube.  The  first  of 
these  operations,  tjjat  of  filling  the  regulator,  is  performed  once  for  all  with 
very  great  care,  and  may,  for  all  practical  purj)Oses,  be  disregarded  as  a  source 
of  error.  Agaiu,  in  adjusting  the  levels,  the  two  tubes  can  be  brought,  by 
means  of  the  double  clamp,  within  such  a  short  distance  of  one  another  that 
the  adjustment  is  also  practically  accurate.  The  real  sources  of  error  lie  in  the 
two  last  oiKTitions.  The  burettes  are  di\ided  into  tenths  of  cubic  centi- 
meters, and  can  be  read  with  the  eye  alone  accurately  to  ^^  c.c.  Calculating 
this  error  on  25  c.c.  as  the  average  volume  of  gas  coutKiined  in  the  regulator 
tube  and  measuring  tube  respectively,  we  have  l/(20x  25)-=^^  as  the  error 
for  each  tube.  But  as  the  error  in  the  regulator  repeats  itself  in  exact 
proportion  in  the  altered  volume  of  gas  in  the  mejvsuring  tube,  we  must  add 
the  error  of  the  regulator  to  the  indei>endeut  error  of  the  measuring  tube, 
in  order  to  ascertain  the  maximum  error,  which  would  thus  be  ^f^ ;  and 
this,  calculated  as  assumed,  ujwn  25  c.c.  of  gas,  would  be  equal  to  an  error 
of  reading  01  c.c.  in  the  final  result.  An  inspection  of  the  foregoing 
experimental  results,  however,  discloses  the  fact  that  the  maximum  error  is 
only  half  this  amount,  or  005  c.c. ;  and  this  the  author  attributes  to  tho 
fact  that,  owing  to  the  method  of  reading  emj^loyed,  the  errors  of  reading 
in  the  regulator  and  measuring  tube  are  not,  as  a.ssumed  in  the  foregoing 
calculation,  independent,  but  tend  to  neutralize  one  another. 

This  error  of  0*05  c.c.  is,  however,  the  error  of  reading  of  any  gas  burette 
which  is  read  with  the  eye  alone ;  and  the  gnivi volumeter  may,  therefore, 
claim  to  possess  the  same  degree  of  ac^curacy  as  instruments  of  this  class 
generally. 

•  Supiwse  the  eye  iu  reading  to  be  too  high,  tho  mercury  in  the  regulator  would  stand 
heloxp  the  gravivoiunietric  mark,  and  the  gaa  in  the  meaauring  tube  would  consequently 
be  expaude<l  beyond  its  prober  vohmie.  But  owing  to  the  eye  being  too  high,  this  too 
great  volume  in  the  measuring  tube  woiild  be  read  off  as  smaller  than  it  actiuiUy  is. 
In  the  ease  of  equal  vr)lume8  of  gas  in  regulator  and  measuring  tube,  there  would  thus 
be  a  total  correction  of  the  error  committed  (since  the  two  tubes  are  of  equal  bore), 
and  in  every  case  a  diminution. 
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TABLE  for  Correctioii  of  Volumes  of  Qasea  for  Temperatorc, 

according  to  the  Formula  V  =  TnoVa+yr 

I  -^  !  (  from  0'  lo  30'     I      OOOST^S 


s 

OUl    KKH.OOII 

s 

i       L  E       J 

I                      L«»           I 

uu 

KXK 

lOIS.     KJO   KJ     SS(4 

0    irti   oOi  u  lo    3  1 

1      1 

lot  01   J                   o 

iw    nu 

1  01  KJ  SO               IS. 

I  01  3S.10                  J   I 

1   •Oltlrt 

4 

1  01  4   1  ,              4.     I 

3     01      in     00  U  U      5 

11  (Xil-Hu 

■i 

4101        10               olIJ 

IICISIIOO                  lo 

0    imis.j 

1 

.,1(V     1        '               ^ 

lOolOISIS                   TO 

1   XJ 

(0 

10*0  ilO               S-i 

1  0:t8'M10               o     4 

I     ".^O-J 

0  101 

11 

1     i          0                 Oo( 

s                   N5SS 

I  Mi 

s     00       lllW 

1      1   101      rtl 

000 

(jO    1      1   4fi 

imm  1 

S                   SI  S 

locm  su 

4I041SO               4  18 

31    N>1      -1     OOJ 

J         dUIS                       31 

3,l04l414o                   30 

100  IJl 

■■ 

■J1OJ14JI/OO0I3    H,y 

4  1041  810 

1     10     1      < 

?S10 

10  j-ia  J 

11   101  u  o         '>2n-> 

I  3 

10    1  SH)                 S<1 

11  OU   14O00IS  USIO 

lUW    w  1 

|l         KSOo,                 tl 

1001 

HIO  4       u                     H 

01      10               13  1 

1     100    IT 

C    k3 
0  003 

U 
1    IS 

1    i    ss             SI 

0     0^-0  oOOOIl  00  3 

1    H    043  13  '              5397 
o'    OW  hJt  OOIS     9^3 

1  1  1)0      K,j| 
BIOCNOiaol 

J-8 

UO-Wlo               IXa 

111044.11(5             Bin. 

*» 

10     3SS0               (1  0 

I  044  130              I>0  0 

1  00**"  0| 

4o 

3I0-JI    ^u              4<L>< 

1tOk>0     oOOIO  14  1 

4l00h      *[ 

H033 

4     0      1                     (, 

4     0104400              301 

100-1 

SI2o              <o3N 

■OO*     "KJUWl 

K                  OIKI 

loo's 

o                 oSl 

soot 

IH*                 102 

luiu    sj 

u                            J 

^    1    IM  2  «o0020  oia 

10      ■OjOOOO* 

4,10 

h0I0'«)3^00O012      «■! 

13(.l01    4o000^     141 

notrl 

ilu    HSbj,                OoO 

11  048011                  1    ,0 

0        St  0  OUo  o.^s 

ll  01  0  m\           h^h 

1  04S.I  bO              51  0 

JIU12U'  1j 

11 

3101041   JG013  0141 

<101S44o                 0» 

41         4blO| 

d  S3 

41-030  %0               1   Ho 

4^1  0491110              8  U 
13  0  10104     o                   31 

3     1       •».. 

C3jj 

S  51 0111      J                t    -0 

1  0  31  >4U 

10   loin               4     2 

1  0411^440  O-O'l   ]    48 

lunoWK, 

S* 

lOllbSd                     nil  J 

1    Oa0210o                    .4 

MU13'>2-0  0  00 

t(lU12  u30{                So 

S     1 01-   18jI                Ji" 

hllOoOo  70              4     J 

3    IOU'^Sj 

1  J 

13     I  OoO'I43j               a  94 

10101K.(01  OOOU  ■)  Oo 

fOI03«WoO  JOllO'  W 

14-0    0513100  0-021    108 

J  I  01  hi  jol 

4     4 

llOSJt   Ul                  SI 

1  L  Oslo     J              8SS2 

11 

^1-0  3  ImI                0   1 

loS>04.1UOO       Olio 

3101         o 

1 1  UJ40S4o|              Oolrt) 

Jl-0o40'j,              1S4H 

41-002     m              SSbO 

14o{lOo3l4  J              4<l  1 

'l-OoSX/IOi              0182 

1  Oo3B  oj'                S  13 

11-01   I^ 

n  u 

1 1-0344  jIOI                Off 

4    1      W        OTO 

IM" 

1  a  I  034S1                    N.  IS 

10     S    Wl 

101   IHM.  001        1 

10            1 

11  2 

1-03  aaOo               1      3 

M    1       \ 

8103on     Oj              J  jO 

h|lUfl2420                 403 
14!^10o4(X)8S0023  0I.)3 

4.',10l,lljSj 

,J01 

J!)103t>2S3S             *iSii 

570  TABLES.  §    101. 

TABLE  f<»  CorMOtion  of  VoLumea  of  Qa»ea—co»iimied. 


I    1    l  +  tt    Iw. 

l  +  BO 

t     i+ei 

Log.(l  +  !l) 

•1 

l-v«( 

Lo».(l  +  !t) 

oO 

30000 

1 

0^        lO 

0731 

■ft>a34 

07**b 

W  )4 

Ofl  99 

2192  , 

yso 

4033 

-0923  HO 

36S0  ' 

MA) 

4399 

927245 

6107 

H4 

GO 

300 

O&liS  1 

99 

iO                32 

0^ 

8020 

« 

(i        54C>9U 

13     40 

04T4  1 

&4t) 

H       o8«6 

on     00 

0020  1 

90 

44 

H         2330 

(W 

0* 

23*4 

20"*            W 
'         If, 

o3 

»J 

09    ^ 

3MS 

iSIMK     0- 

EO 

OP  2000 

03     5291 

OOOG 

•N 

00 

6743 

04HO 

OObO 

8197 

SUM 

14 

9649  1 

UOO 

10  not  ' 

04 

BFI 

2531  1 

lXAi83». 

40oa 

20 

14 

JO 
8. 
80 

&432  1 
G901  ' 
S351  , 

jO 

»• 

J   ,    08C  SOC 

^ 

040  9300  . 

■HJ 

DSC 

OO- 

04     1247  ' 

TO  toI 

08  303 

J 

Mf 

2U95 

Uf  J4(>k> 

08 

00 

4143  ) 

0.          1 

iO'm 

6589: 
7030 

40 

4. 

»48i : 

M-  1371 
2Sla  1 

Ol 

4.  4259  , 
5703  1 

" 

U 

1 

OJ 
040801 

7143 

83S7  1 
043  002t(  1 

5 

M 

^ 

44 

1471 

401 

0SI>4£^ 

30 

04S  no 

SRIll  1 

~3 

«32 

OS  ■« 

320 

00    ^ 
06C 

07!i2 

41 

7231  1 

"3 

IGO 

J 

04.    8071   i 

S44 

044  0109 

sa 

0 

»0>4 

so 

ISi-J  j 
2985  : 
442!i  1 

10     10 

34. 

29 

SoO 

HA 

&8.M 
721>5  1 
8730  ! 
oi'is  ■ 

IiWO  1 

00  jOO 

3035  1 

101.  VOLUMETRIC   ANALYSIS.  67 

TABZiS  for  Correction  of  Voloinefl  of  Gases  for 
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TABLE  for  Coprection  of  Volumes  of  QaseB—coniinved. 
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Fressure  of  Aqueous  Vapour— continued. 


\ 

„        m.m. 

.      ,  m.m. 

,         m.m. 

,        m.m. 

0         m.m. 

0 

m.m. 

17  U  14-421 

20-0  17-391 

230;  20-888 

260  24-988 

290  29-782 

320 

35-359 

•1 

•513 

•li      -500 

•1  2101G 

•l";  25-138 

•1       -956 

•1 

•559 

•2 

•605 

•21      %UH 

•2       144 

•2 

•288 

•2  30131 

•2 

•760 

•3 

•697 

•S|      717 

•3i      ^272 

•3 

•438 

•3       305 

•3 

•962 

•4      7tK) 

•4 

•820 

•4] 

•400 

•4 

•588 

•4|       479 

•436165 

175 

•882 

20-5'      -930 

235 

•528 

26-5 

•738 

29-5      ^654 

325 

•370 

•(j 

•977 

•g|  18-047 

•t- 

•G59 

•6 

•891 

•6 

•833 

•6 

•576 

7  15072 

•7;       159 

•7 

•790 

•7 

26045 

•7;  31011 

•7 

783 

•8       167 

•8      -271 

•8 

•921 

•8 

•198 

•8 

•1(K) 

•8 

•991 

170 

•2G2 

20-9 

•383 

23^9 

22053 

2G-9 

•351 

29-9 

•369 

32-9 

37200 

ISO  15-357 

210 

18-495 

24-(' 

22184 

270 

26-505 

30-0 

31548 

330  37410 

•1 

•454 

•1 

•GIO 

■1 

•319 

•1 

•663 

•1 

•729 

•1 

•621 

•2 

•552 

•2 

•724 

•2 

•453 

••i 

•820 

•0 

•911 

•2 

•832 

•3 

•G50 

•3 

•839 

•3      ^588 

•3 

•978 

•3 

32094 

•3 

38045 

•4 

•747 

•4 

•95i 

•4 

•723 

•4 

27136 

•4 

•278 

•4 

•258 

18-5 

•84o 

21-5 

190G9 

24-5 

•858 

27-5 

•294 

305 

•463 

335 

•473 

•G 

•945 

•c 

•187 

•f 

•99(; 

•0 

•455 

•G 

•650 

•6 

•689 

7i  1G045 

/ 

•305 

•7  23135 

•7 

•617 

•7 

•837 

•906 

•8 

•145 

•8 

•423 

•8 

•273 

•8 

•778 

•8  3302(S 

•8 

39124 

lS-9 

•246 

21-9 

•541 

24-9 

•411 

27-9 

•939 

30-9 

•215 

33-9 

•344 

10-0 

ic-34(; 

22o'  19G5^ 

25  0 

23-550 

280 

28-101 

310 

33-405 

34039565 

•1 

•44P. 

•1;      ^780 

•1 

•692 

•1 

•267 

•1 

•59G 

•1 

•786 

•2 

•552 

•2 

•901 

•2 

•834 

•2 

•433 

•2 

•787 

•2 

40-007 

•3 

•655 

•3I  20022 

•3      -976 

•3 

•599 

•3 

•980 

•J 

•230 

•4      -758 

•4'       143 

1 

•4  24119 

•4 

•765 

•4 

34174 

•4 

•455 

lO-oj      -861 

22-5      ^265 

255 

•261 

28-5 

•931 

31-5;      ^368 

34-5 

•680 

•0 

■mr 

•6 

•389 

•G 

•406 

•61  29- 101 

•G 

•564 

•6 

•907 

7 

17073 

•514 

•7 

•552 

•7 

•271 

•7 

•761 

•7 

41135 

•8 

•179 

•8 

•639 

•8 

•697 

•8 

•441 

•8 

•959 

•8 

•364 

19-9 

•285 

1 

229 

•763 

25-9 

•842 

28-9 

•612 

31-9 

35159 

349 
350 

•595 

827 

1 

INDEX. 


A)>sorpiiun  appnratiiH,  Mohr's,  L33 
Ab:$or()tion  upparatun,  Frescuius*, 

132 
Absorption  uquiyalontH  shown  by  oils 

and  fats  for  bromine,  STiO 
AcoUitos.  alkaline  and  oariky,  titration 

of.  90 
Acetato  of  litno,  analysis  of,  90 
Acetatoi»,  inotallic,  90 
Acidimotrj',  88 
Acidinietry,  dolicato  ond- reaction  for, 

88 
Acid,  acetic,  titration  of,  89 
Acid,  arsenic,  titration  of,  151, 152, 153 
Acid,  carbolic,  titration  of,  366 
Acid,  carbonic,  estimation  of,  93 
Acid,  chromic,  titration  of  iron  with, 

126 
Acid,  citric,  estimation  of  lead  in,  225 
Acid,  citric,  titration  of,  103 
Acirl,  formic  estimation  of,  104 
Acid  liquors,  tartaric,  113 
Acid,  nitric,  pure  for  titrations,  48 
Acid,  oxalic,  titration  of,  100 
Acid,  phosphoric,  titration  of,  100,  284 
Acid,  tannic,  titration  of,  331 
Acid,  tartaric,  estimation  of  lead  in, 

225 
Acid,  tartaric,  titration  of,  112 
Acid,  uric,  estimation  of,  892 
Acids  and  Imsos  combined  in  neutral 

salts,  114 
Acids,  mineral,  in  vine^jfor,  90 
Acids,  titration  of,  88 
Acids,  titration  of  by  iodine  and  thio- 

sulphato,  88 
Auratcd  distille<i  water,  preparation  of, 

274 
Air  and  carbonic  anhydride  gaa,  analysis 

of,  497 
Air,  carbonic  aci<l  in,  titration  of,  97 
Albmncn  in  urine,  estimation  of,  397 
Albuminoid  ammonia  process  for  water, 

462 
Alkalies,  cmustic  and  carbonated,  titra- 
tion of,  5*> 
Alkalies,  caustic,  titration  of,  by  jiotas- 

aic  bichromate,  60 
Alkalies,  indirect  estimation  of,  140 


Alkalies  in  prusunco  of  sulphites,  titra- 

of,  69 
Alkalimctcr,  Schuster's,  6 
Alkalimetric  estimation  of  various  me- 
tallic salts,  117 
Alkalimetric  methods,  extension  of,  117 
Alkalimetry,  33,  55 
Alkalimetry,  Gay  Lussac's,  33 
Alkaline  carbonates,  titration  of,  55 
Alkaline  comi>ounds,  commercial,  63 
Alkaline  earths,  indirect  estimation  of, 

140 
Alkaline  earths,  titration  of,  69 
Alkaline    earths,    titration    of    mixed 

hydrates  and  carbonates,  69 
Alkahno  tartrate  solution,   for  sugar 

estimation,  309 
Alkaline  permanganate,  for  water  ana- 
lysis, 4()5 
Alkaline  salts,  titration  of,  55 
Alkaline  silicates,  titration  of,  67 
Alkaline  sulphides,  titration  of,  64,  321 
Alloys  of  silver,  assay  of,  298 
Alumina,  estimation  of,  145 
Alumina  in  caustic  soda,  etc.,  estima- 
tion of,  146 
Alumiuic  sulpbateH,  estimation  of  free 

acid  in,  146 
Ammonia,    albuminoid    })roces8,    for 

water,  462 
Ammonia,  combined,  estimation  of,  72 
Ammonia,  estimation  of,  72 
Ammonia,  indirect  titration  of,  75 
Ammonia  in  lU'ine,  estimation  of,  396 
Ammonia  in  water,  estimation  of,  407 
Ammonia,  semi-normul,  49 
Ammonia,   sulphate  and  chloride  of, 

estimation  of,  79 
Ammonia,  technical  estimation  of,  75 
Ammoniacal  liquor,  table  showing  the 
amount    of    sulphate    obtainable 
from,  80 
A  mmonicmolybdato,  standard,  294, 295 
Ammonio-cupric  solution,  normal,  50 
Analyses,  saturation,  83 
Analysis  by  oxidation  or  reduction,  120 
Analysis  by  precipitation,  138 
Analysis,  factors  for  calculation,  54 
Analysis,  gas,  simple  methods  of,  547 
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Analysis  of  substances  by  distillation 
with  hydrochloric  acid,  132 

Analysis,  volumetric  and  gravimetric, 
distinction  between,  2 

Analysis,  volumetric  and  gravimetric, 
fundamental  distinction  between,  2 

Analysis,  volumetric,  general  princi- 
ples, 1 

Analysis,  volumetric,  methods  of  classi- 
fication, 3 

Analysis,  volumetric,  systematic,  27 

Analysis,  volumetric, without  burettes,  6 

Analysis,  volumetric,  without  weights,  5 

Analysis,  water,  reagents  for  399,  463 

Antimony,  estimation  of,  as  sulphide, 
H8 

Antimony,  estimation  of,  by  bichro- 
mate, 147 

Antimony,  estimation  of,  by  iodine,  147 

Antimony,  estimation  of,  by  perman- 
ganate, 147 

Antimony  in  presence  of  tin,  estimation 
of,  147 

Antimony,  titration  of,  by  stannous 
chloride,  183 

Apparatus,  absorption,  Frcsenius*, 
132 

Apparatus,  absorption,  Mohr's,  133 

Apparatus,  Bischof's,  for  evapora- 
tion, 411 

Apparatus  for  iodine  distillation, 
Stortenbeker's,  201 

Apparatus  for  chlorino  distillation, 
132,  133 

Apparatus  for  CO^,  Scheiblor's, 
101 

Apparatus  for  gas  analysis  (Bunsen's 
method),  480 

Argol,  titration  of,  114 

Arseniates,  estimation  of,  by  iodine, 
149,  370 

Arseniates,  estimation  of,  by  silver,  152 

Arseniates,  estimation  of,  by  uranium, 
151 

Arsenic  acid,  titration  of,  150,  151,  369 

Arsenic,  estimation  of,  by  bichromate, 
150 

Arsenic,  estimation  of,  by  distillation, 
161 

Arsenic,  estimation  of,  by  iodine,  149, 
370 

Arsenic,  estimation  of,  by  silver,  1 52 

Arsenic,  estimation  of,  by  uranium, 
151 

Arsenic,  estimation  of,  in  presence  of 
tin,  371 

Arsenical  ores,  analysis  of,  149,  151 

Arsenious  acid  and  iodine  analyses,  136 

Asbestos,  palladium,  553 

Ash,  black,  titration  of,  64 

Backward  or  residual  titration,  32,  55 
Balance,  the,  5 

Baric  chloride,  preparation  of  normal, 
325 


Baric  thiosulphato  as  standard,  130 
Barium  in  neutral  salts,  70 
Tiarium,  estimation  of,  as  chromato,  154 
Barium,  titration  of,  by  permanganate, 

154 
Baryta    solution   for   removing   phos- 
phates and  sulphates  from  urine, 

382 
Baryta  solution,  standard,  50 
Base,  Millon's,  use  of,  49 
Beal's  filter,  18 
Beverages,  carbonic  acid  in,  96 
Bicarbonates  in  presence  of  carbonates, 

titration  of,  58 
Bichromate,  standard  solution  of,  127 
Bifluorides,  titration  of,  107 
Bischof's  apparatus  for  evaporation, 

411 
Bismuth,  estimation  of,  as  oxalate,  154 
Bismuth,  estimation  of,  as  phosphate, 

156 
Bleaching  compounds,  titration  of,  164 
Bleaching  powder,  gasomotrio  estima- 
tion of,  165 
Bleaching    powder,    titration    of,    by 

arsenious  solution,  164 
Bleaching    powder,    titration    of,    by 

iodine,  166 
Boric  acid  and  borates,  titration  of,  92 
Boric  acid  in  milk,  estimation  of,  3tf9 
Bottle  for  digestion  in  iodine  estima- 

tions,  135 
Bromates,  titration  of,  by  iodine,  166 
Bromine,   absorption  of,   by  oils  and 

fats,  368 
Bromine,  colour  method  of  estimation, 

157 
Bromine,  estimation  of,  by  digestion, 

157 
Bromine,  estimation  of,  by  distillation, 

156 
Bromine,  estimation  of,  by  CavasBi's 

method,  157 
Bromine,  estimation  of,  by  McCul- 

loch's  method,  158 
Bromine,  iodine,  and  chlorine  together, 

201 

:   Bullets  for  gas  analysis,  how  made,  467 
I   Burette,  B inks',  18 
Burette  clips,  13 
Burette  for  hot  titrations,  12 
Burette,  Gay  Lussac's,  12 
Burette,  Mohr's,  8 
Burette,  Mohr's,  advantages  of,  8 
Burette,  the,  7 
Burette,  the  blowing,  10 
Burette,  the  foot,  10 
Burette,  the  tap,  8, 11 
Burette,  without  pinchcock,  14 
Burette    with    enclosed    thermomct^t* 

float,  figure  of,  8 
Burette,  with  reservoir,  12 
Burette,  with  oblique  tap,  8 
Burettes  and  pipettes,  calfbration  of ^  19 
Butter,  titration  of,  353 
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Butter,  Reichert's  mothod  for,  353 
Huttor,     KoottHtorf  ur's    method, 

356 
Butylic  hydrido  gas,  estimation  of,  iQ6 

Cadmium,  ostimAUou  of,   oa   oxalate, 

160 
Codtnium,  ostimation  of,  as  sulphate, 

IGO 
Calcium,  estimation  of,  as  oxalate,  160 
Calcium,    estimation    of,   as    porman- 

p^nate,  161 
Calcmm,  estimation  of,  in  slags  and 

mixtures,  161 
Calcium,  in  neutral  salts,  70 
Calibration  of  gas  apparatus  for  water 

analysis,  420 
Carbolic  acid,  titration  of,  866 
Carbon  disulphide,  titration  of,  867 
Carbon  in  iron  and  steel,  estimation 

of,  218 
Carbon  tetrachloride,  use  of,  for  titra- 
tion of  fats,  858 
Carbonates,  Pettenkof er's  method 

for,  95 
Carbonates,  alkaline,  titration  of,  55 
Carbonates,  analysis  of,  93 
Carbonates,  indirect  estimation  of,  95 
Carbonates  soluble  in  acids,  94 
Carbonates  solable  in  water,  93 
Carbonates,  titration  of,  in  presence 

of  bioarbonatos,  58 
Carbonic  acid  in  air,  titration  of,  97 
Carbonic  acid  in  beverages,  96 
Carbonic  acid  in  waters,  95 
Carbonic  anhydride  gas,  estimation  of, 

in  ^as  apparatus,  497 
Carbonic  acidl^gas,  estimation  of,  95 
Cuthetometer,  the,  18 
Caustic  alkalies,  titration  of,  by  {)otassic 

bichromates,  60 
Caustic  and  carbonated  alkalies,  titra- 
tion of,  56 
Caustic  soda  or  ^tash,  titration  of,  56 
Centimeter,  cubic,  the,  23 
Cerium,  estimation  of,  162 
Chlorates,  indirect  estimation  of,  140 
Chlorates,  titration  of,  by  iodine,  167. 

373 
Cliloratetr,  chlorides,  and  hyi)ochloritcs, 

mixtures  of,  372 
Chloric  and  nitric  acids,  estimation  of, 

373 
Chloride  of  lime,  Utiution  of,  164 
Chlorine  and  silver  analyses,  138 
Chlorine,  bromine,  and  iodine  together, 

estimation  of,  201 
Chlorine,    direct    ivrecipitation    with 

silver,  162 
Chlorine,  estimation  of,  by  distillation, 

163 
Chlorine  estimations,  indirect^  140 
Chlorine,  estimation  of,  by  silver  and 

chromate  indicator,  1^ 
Chlorine  gas,  titration  of,  164 


Chlorine,   indirect   estimation   of,   by 

silver  and  thiocyanate,  163 
Chlorine  in  waters,  estimation  of,  162 
Chlorine  water,  titration  of,  164 
Ch  or  ley's  am)aratus  for  preserving 

solutions,  ^ 
Chromate  indicator  for  silver,  189 
Chromates,  estimation  of  by  distilla- 
tion, 168 
Chrome  iron  ore,  analysis  of,  168 
Chromic  acid  in   iron  titration,   126, 

206 
Chromium,  titration  of  by  iron,  167 
Chromium  steel,  titration  of,  171 
Citrates,  titration  of^  103 
Citro-magnesic  solution  for  phosphates^ 

292 
Clark's  process  for  softening  water, 

454 
Clips  for  burettes,  13 
Coal  gas,  analysis  of,  536 
Coal  gas,  estimation  of  sulphuretted 

hydrogen  in,  329 
Coal  gas,  estimation  of  sulphur  in,  820 
Cobalt,  estimation  of,  by  permanganate, 

173 
Cobalt,  estimation  of,  as  cyanide,  174 
Cochineal  indicator,  35 
Colour   reactions,  device   for  seeing, 

189,  143 
Colour  reactions,  precision  in,  143 
Commercial  alkaUne  compounds,  tech- 
nical analysis  of,  63 
Condenser  for  Kjoldahl  method,  82, 

88 
Constants  used  in  the  analysis  of  oils 

and  fati),  362 
Copper  and  iron,  titration  of,  in  same 

liquid,  182,  183 
Copper,  iron,  and  antimony,  estimation 

of,  in  some  liquid,  183 
Copper,  extraction  from  ores.  177.  184 
Copper,  estimation  of,  as  iodide,  176 
Copper,  estimation  of,  as  sulphide,  180 
Copper,  estimation  of,  by  oolour  Utra- 

tion,  187 
Copper,    indirect    estimation    of,    by 

silver,  184 
Copper  ores,  technical  analysis  of,  184 
Copper,  separation  of,  by  electrolysis, 

176 
Copper  in  presence  of  iron,  titration 

of,  182 
Copper  solution  for  sugar,  F  o  h  1  i  n  g ' s , 

309 
Copper  solution,  Pavy's,  for  sugar, 

315 
Copper,  titration  of,  by  cyanide,  178, 

184 
Copper,  titration  of,  by  permanganate, 

176 
Copper,    titration    of,    by    stannous 

chloride,  181 
Correct  reading  of  graduated  instru* 
ments,  17 
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Corrections  for  temperature  of  solu- 
tions, 25 
Cubic  centimeter,  the,  23 
Cupric  oxide  for  combustions,  401 
Cuprous  chloride  for  water  analysis,  402 
Cyanides,    alkaline,    titration    of,    by 

silver,  190 
Cyanides    used    in    gold    extraction, 

estimation  of,  192 
Cyanogen,  titration  of,  by  iodine,  191 
Cyanogen,   titration  of,    by  mercury, 

191 
Cyanogen,  titration  of,  bv  silver,  191 
Cylinders,  graduated,  calibration  of,  21 

Decern,  the,  26 

Decimal  system,  origin  of,  23 

Dccimillem,  the,  27 

DocinSrraal  bichromate  solution,  127 

Decinormal  iodine,  preparation  of,  129 

Decinormal  permanganate  solution,  121 

Decinormal  salt  solution,  139 

Decinormal  silver  solution,  138 

Decinormal  sodic  arsenite,  136 

Decinormiil  sodic  chloride,  139 

Decinormal  thiocyanate,  142 

Dextrine,  inversion  of,  308 

Dextrose,  305 

Digesting  bottle  for  iodine  estimation; 

135 
Direct  and  indirect  processes,  81 
Disaccharides,  nature  of,  305 
Dissolved  oxygen  in  waters,  269,  474 
Dropping  apparatus  for  silver  assay,  302 

Earths,  alkaline,  titration  of,  69 
Erdmann's  float,  18 
Erdmann's  float,  newest  form,  18 
Estimations,    indirect,    by    means    of 

silver  and  chromate,  140 
Ethyl  gas,  estimation  of,  513 
Ethylic  hydride  gas,  estimation  of,  513 
Eudiometer,    B  u  n  s  e  n '  s,    calibration 

of,  482 
Explosion  of  gases,  502,  527 
Extension  of  alkalimetric  methods,  117 

Factors  for  calculation  of  analyses,  31 
Fats  and  oils,  titration  equivalents  of, 

with  potash,  352 
Fats  and  oils,  titration  of,  with  bromine 

or  iodine,  358 
F  0  h  I  i  n g '  s  copper  solution.  309 
Ferric  compounds,  reduction  of,  208 
Ferric  indicator  for  analyses  by  thio- 
cyanate, 143 
Ferric  iron,  titration  of,  by  stamious 

chloride,  210 
Ferric  standard,  to  prepare,  210 
Ferricyanidea,  titration  of,  196 
Ferrochrome  titration  of,  171 
Ferrocyanides  in  alkali  waste,  196 
Ferrocyanidcs  in  gas  liquor,  196 
Ferrocyanides  in  gold  extraction,  194 
Ferrocyanides,  titration  of,  195 


Ferro- Manganese,  estimation  of  man* 

ganese  in,  227,  229,  230 
Ferrous  iron,  how  obtained  for  titration, 

215 
Filter,  Beale's,  18 
Filter,  Porter-Clark,  454 
Filter   for  baric  sulphate,  Wildon- 

stein*s,328 
Flasks,  measuring,  16 
Flasks,  verification  of,  19 
Float,  Erdmann's,  18 
Float,  with  thermometer,  8 
Fluoric  acid,  estimation  of,  105 
Fluorides,  estimation  of,  105 
Fluorescin,  39 

Formic  acid,  estimation  of,  104 
Frankland's    and     Ward's    gas 

apparatus,  520 
Frankland's  joint  for  gas  apparatus, 

419 
Free  acid  in  urine,  estimation  of,  397 
Free  ammonia  in  water,  407 
Frosenius'  absorption  apparatus,  132 
Fruit  juices,  titration  of,  104 

Galactose,  305,  313 

Gas    analysis,    Bun  sen's   apparatus 

for,  480 
Gas  analysis,  calculations  for,  508,  517 
Gas  analysis,  normal  solutions  for,  549 
Gas  analysis,  simple  methods  of,  647 
Gas  apparatus,  etching  of,  480 
Gas   apparatus,    Frankland's,   for 

water  analysis,  417 
Gas  apparatus,  Reiser's  portable,  54  4 
Gas  burette,  H  e  m'p  el's,  550 
Gas  liquor,  analysis  of,  75 
Gas  ]i(|Uor,  spent,  analysis  of,  79 
Gas  liquor,  table  showing  the  amount 

of   sulphate    of    ammonia   to    bo 

obtained  from,  80 
Gas  pipettes,  B  e  d  s  o  n '  s  modified,  556 
Gas  pipettes,  H  e  m  p  e  I '  s ,  552 
Gasvolumeter,  Lunge's,  563 
Gases,  analysis  of,  480 
Gases,  explosion  of,  502,  507 
Gases,  indirect  estimation  of,  502 
Gases,  simple  titration  of,  547 
Gases  soluole  in  water,  estimation  of, 

by  the  nitrometer,  559 
Glucose  or  grape  sugar,  305,  307 
Glucose,  constitution  of,  306 
Glycerin,  titration  of,  363 
Glycerin,     estimation     of,     by     per- 
manganate, 363 
Glycerin,  estimation  of,  by  bichromate, 

364 
Glycerin,  estimation  of,  by  the  acotiu 

method,  365 
Gold,  estimation  of,  198 
Graduated  instruments,  correct  reading 

of,  17 
Grain  measures,  26 
Grains,  fluid,  26 
Gravivolumeter,  J  a  p  p '  s ,  566 
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Hsematitca,  analysis  of,  215 
Uurdness  of  water  estiniatod  without 

soap  Bolution,  71 
HardnoHM  of  water,  soap  solution  for, 

405 
Hardness  in  waters,  estimation  of,  4fi8 
Hardness  in  waters,  tables  of,  439 — 466 
Hardness  in  waters,    Franklaud's 

table  for,  439 
H  e m*p el's  gas  burette,  550 
H  e m pe r 8  gas  pipettes,  552 
Hot  titrations,  burette  for,  12 
Hydrobroroic  acid  gas,  estimation  of, 

494 
Hydrocarbon  gases,  estimation  of,  501 
Hydrochloric    acid,    analysis   of    sub- 
stances by  distillation  with,  132 
Hydrochloric  acid,  normal,  48 
Hydrocyanic    acid,    titration     of,    by 

silver,  190 
Hydriodic  acid  gas,  estimation  of,   494 
Hydrochloric  acid  gas,  estimation  of, 

494 
Hydrofluoric  acid,  estimation  of,  105 
Hydrofluoric  acid,  cammercial  com(K>si- 

tion  of,  105 
Hydrofluoric  acid,  H  a  g  a  and  0  s  a  k  e  *s 

experiments  on,  108 
Hydrosulphuric  acid    gas,   estimation 

of,  494 
Hydrogen  apparatus,  B  u  n  s  e  n '  s  503 
Hydrogen  peroxide,  titration  of,  283 
Hydrocen   sulphuretted,   titration  of, 

329 
Hypobromite  solution  for  urea,  387 
Hyposulphite    of   soda,    SchUtzon- 

berger's  solution  of,  274 

Improved  gas  apparatus,  517 
Inuicator,     ferric,     for    analyses    by 

thiocyanate,  143 
Indicator,  starch,  preparation  of,  131 
Indicator,  chromate,  for  silver,  139 
Indicator    for   mercuric    solutions    in 

sugar  analysis,  311 
Indicators,  33 

Indicatom,  extra  sensitive,  39 
Indicators,  azo,  36 
Indicators,  combination  of,  43 
Indicators,  external  and  internal,  32 
Indicators,  various  effects  of  heat  and 

cold  on,  40 
Indicators,      Thompson's      results 

with,  40 
Indicators,  general  characteristics  of, 

41 
In<Hcators,  table  of  results  with,  43 
Indigo  solution,  standard,  464,  469 
Instruments  graduated,  correct  reading 

of,  17 
Instniments  graduated,  verification  of, 

19 
lodate,  how  to  remove  from  alkaline 

iodides,  130 
lodates,  titration  of,  166 


lodeosin,  a  new  indicator,  39 

Io<line,  absorption  of,  by  oils  and  fats, 

358-360 
Iodine,  estimation  of,  by  distillation, 

199 
Iodine,  estimation  of,  by  Gooch  and 

Browning's  method,  202 
Iodine,  bromine,  and  chlorine,  mixed, 

estimation  of,  201 
Iodine,  estimation  of,  by  chlorine,  203 
Iodine,  estimation  of,  bv  nitrous  add 

and  carbon  bisulphide,  205 
Iodine,  estimation  of,  oy  permanganate 

and  thiosulphate,  204 
Iodine  solution,   decinormal,   verifica- 
tion of,  130 
Iodine,  titration  of,  by  thiocyanate  and 

silver,  203 
Iodine,    titration   of,    by    silver    and 

starch  iodide,  206 
Iodine  solution,  decinormal,  prepara- 
tion of,  129 
Iodine  and  thiosulphate,  titrations  by, 

128 
Iodine  and  arsenious  acid  analyses,  186 
Iodized  starch-paper,  137 
Iron     comf>ounds,    reduction    of,    for 

titration,  208 
Iron,  estimation  of,  with  bichromate, 

206 
Iron,  estimation  of,  with  permanganate, 

206 
Iron,  estimation  of,  by  colour  titration, 

218 
Iron,  estimation  of,  in  ferric  state,  210 
Iron,  estimation  of,  in  ferrous  state,  206 
Iron  ore,  magnetic,  analysis  of,  216 
Iron  ore,  spathose,  analvsis  of,  216 
Iron  ores,  analysis  of,  21 4 
Iron  ores,  to  render  soluble,  214 
Iron  in  silicates,  estimation  of,  217 
Iron,  titration  of,  by  thiosulphate,  212 
Iron,  titration  in  ferrous  state,  206 
Iron  and  steel,  estimation  of,  arsenic 

in,  219 
Iron  and  steel,  estimation  of,  carbon 

in.  218 
Iron  and  steel,   estimation    of    phos- 
phorus in,  221 
Iron  and  steel,  estimation  of,  sulphur 

in,  222 


81 
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K  e  i  s  0  r '  s  gas  apparatus,  544 

K  j  e  1  d  a  h  I '  s  method  for  nitrogen , 

K  J  o  I  d  a  h  r  s  method,  new  condone 
for,  84 

Kjcldahl  method,  substances  in 
which  their  nitrogen  may  bo 
estimated  by,  86 

Kjoldahl  mothofl,  modification  of 
for  nitrates,  85 

Kjcldahl  method.  Dyer's  experi- 
ments on,  85 

Kjcldahl  method,  apparatus  and 
solutions  for,  81,  82 
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Knapp's  standard  morcuric  oyanido   i 
for  sugar,  811 

Lacmoid  paper,  39 
Locmoid,  preparation  of,  38 
Laomoid  solution,  39 
Lead  acetates,  titration  of,  223 
Load,  as  carbonate,  estimation  of,  224 
Lead  in  citric  and  tartaric  acids,  225 
Load,  as  sulphide,  estimation  of,  225 
Load,  estimated  as  oxalate,  222 
Load  in  presence  of  tin,  estimation  of, 

225 
Lead,  estimation  of,  as  chromate,  223 
Lead,  rod,  titration  of,  223 
Lees,  tartaric,  titration  of,  114 
Lemon  juice,  titration  of,  104 
liovulose,  805,  811 
Lime  acetate,  analysis  of,  90 
Limo  and  magnesia  in  urine,  395 
Lime  and  magnesia  in  waters,  70 
Lime,  chloride  of,  gasometric  estima- 
tion, 165 
Lime,  estimation  of  (sec  Calcium),  160 
Lime  juice,  titration  of,  104 
Liquors,  r^,examination  of,  64 
Litmus  indicator,  33 
Litmus,  interference   in,  by  carbonic 

acid,  83 
Litmus  paper,  35 
Litmus,  pure  extract  of,  34 
Litmus,  preparation  of,  88 
Litmus,  preservation  of,  34 
TJtmus,  use  of,  by  artificial  light,  84 
Tx)garithras    for     use     in   volumetric 

analysis,  476 
Lungers  nitrometer,  123,  262,  468 
Lyes,  soda,  examination  of,  64 

Magnesia  and  lime  in  urino,  395 

Magnesia  and  lime  in  waters,  70 

Magnesia,  estimation  of,  70 

Magnesia,  titration  of,  70 

Magnosic-citratc  solution  for  phos- 
phates, 292 

Magnesito,  use  of,  for  preventing  re- 
gurgitation in  dLstilling  chlorine, 
183 

Magnetic  iron  ore,  analysis  of,  216 

Magnesium  as  reducing  agent  for  ferric 
salts,  208 

^Laltoso  or  malt  sugar,  805,  307,  308, 
311 

Manganese,  estimation  of,  by  distilla- 
tion with  hydrochloric  acid,  234 

Manganese,  estimation  of,  by  iron, 
236 

Manganese,  estimation  of,  by  oxalic 
acid,  236 

Manganese,     Westmoreland's 

process  for,  230  | 

Manganese,  V  o  I  h  a  r  d '  s  process  for,    , 
231 

Manganese, estimation  by  P  a  1 1  i  n  s  o  n '  s 
mothwl,  227 


Manganese  in  small  quantities,  estima- 
tion of,  233 
Manganese  ores,  analysis  of,  227>  230, 

234 
Manganese  ores,  moisture  in,  234 
Manganese  oxides,  nature  of,  226 
Manganese,  precipitation  as  dioxide. 

Manganese,  precipitation  of,  by  per- 
manganate, 231 
Manganese,  technical  method  of  esti- 
mating, 230 
Marsh  gas,  estimation  of,  466 
M  o  L  e  o  d '  s  gas  apparatus,  523 
Measuring  flasks,  16 
Mercurial  trough,  416 
Mercuric  cyanide,  standard  for  sugar, 

311 
Mercuric  iodide  for  sugar,  311 
Mercury,  estimation,  as  chloride,  238 
Mercury,  estimation  of,  as  iodide,  240 
Mercury,  estimation  of,  by  cyanogen, 

241 
Mercury,  preservation  of,  for  gas  appa- 
ratus, 462 
Mercury  solution  for  urea,  383 
Mercury,  titration  of,  by  thiosulphato, 

240 
Metallic  salts  of  all  kinds,  alkalimotric 

titration  of,  117 
Metals,  heavy  titration  of,  116 
Metals  and  minerals  in  waters,  estima- 
tion of,  441 
Method  for  percentages,  80 
Methyl  gas,  estimation  of,  466 
Methyl  orange,  36 

Methyl  orange,  the  proper  use  of,  36 
Methyl  orange,  commercial,  the  defects 

of,  36 
Mi  lion's  biiso,  use  of,  49 
Milk  sugar,  inversion  of,  307 
Mineral  acids  in  vinegar,  90 
Mirror  for  detecting  precipitates,  328 
Mixer,  test,  17 

Mixtures  of  sugars,  titration  of,  317 
Mohr  Dr.  F.,  father  of  the  volumetric 

system,  27 
M  o  h  r '  s  burette,  advantages  of,  8 
Molybdenum  solution  for  precipitating 

phosphoric  acid,  297 
Molylxleuum solution,  Pemberton*B 
standard,  294,  225 

Napthol  $.  for  titrating  bromine,  358 
Nessler's  solution,   preparation  of, 

399,  465 
Nickel,  estimation  of,  243 
Nitrate  batlis  for  photography,  assay 

of,  304 
Nitrates,   colorimetric    estimation   of, 

262 
Nitrates,  estimation  of,  by  ferrous  salts, 

249—258,260 
Nitrates,  estimation  of,  by  nitrometer 

262 
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Nitrates,  indirect  estimation  of,  140 
Nitrates  in  water,  aluminium  process 

for,  433,  468 
Nitrates  in  water,   estimation  of,   in 

nitrometer,  468 
Nitrates  byKjeldahl  method,  85 
Nitrates  in  manures,  technical  method 

of  titration  269,  260 
Nitric  acid,  estimation  of,  by  distilla- 
tion, 245 
Nitric  and  chloric  acids,  estimation  of, 

373 
Nitric  acid,  estimation  of,  by  indigo, 

469 
Nitric       acid,      estimation      of,      by 

Schlosing's  method,  253 
Nitric  acid,   estimation  of,  Pelouzo 

method,  249,  260 
Nitric  acid,  estimation  of,  in  absence 

of  organic  matter,  249 
Nitric  acid,  estimation  of,  in  presence 

of  organic  matter,  253 
Nitric  acid,  normal,  48 
Nitric  acid,  pure,  for  titrations,  143 
Nitric  oxide  gas,  estimation  of,  494,  501 
Nitrite,  standard  solution  of,  for  water 

analysis,  404 
Nitrites  alkaline,  titration  of,  267 
Nitrites,  ooloriroetric  titration  of,  248 
Nitrites,    estimation     by    iudomotric 

method,  265 
Nitrites,  estimated  gasometrioallv,  268 
Nitrites,  sulphites  and  thiosulphates, 

analysis  of  mixtures  thereof,  269 
Nitrogen    as    nitrates    and    nitrites, 

factors  for,  215 
Nitrogen  as  nitrate,  estimation  of,  by 

coppor-ziuc  couple,  248,  430 
Nitrogen    combined  in    organic    sub- 

sttmces,  80 
Nitrogen,  estimation  of,  as  nitric  oxide, 

2dl 
Nitrogen  gas,  estimation  of,  466 
Nitrogen  in  alkaline  nitrates,  245,  259 
Nitrogen,  indirect  estimation  of,  140 
Nitrogen,  Kjeldahl's   method   for, 

81 
Nitrogen,  total  in  urine^  estimation  of, 

398 
Nitrometer,  general  uses  of,  588 
Nitrometer,  Lunge's,  529—537 
Normal    acid  and  alkaline  solutions, 

preparation  of,  44 
Normal  acid  solutions,  voritication  of, 

45 
Normal  ammonio-cunric  solution,  50 
Normal  baric  chloride,  preparation  t)f, 

325 
Normal  hydrochloric  acid,  48 
Normal  nitric  acid,  48 
Normal  oxalic  acid,  48 
Normal  potash  solution,  49 
Nonnal  potassic  carbonate,  47 
Normal  soila  solution,  49 
Normal  sodic  carbonate,  46 


Normal  solutions,  27 

Normal  solutions,  definition  of,  28 

Normal  solutions,  based  on  molecular 

weights,  28 
Normal  solution  for  gases,  521 
Normal  sulphuric  acid,  47 

Oils  and  fats,  titration  o<]uivalents  of, 

with  potash,  357 
Oils  and  fats,  titration  of,  with  bromine 

or  iodine,  358 
Oils  and  fats,  titration  of,  by  iodine, 

360 
Oleflant  gas,  estimation  of,  473 
Orange,  methyl,  the  proper  use  of,  38 
Orange,  methyl,  86 
Ore,  tin,  titration  of,  340 
Ores,  arsenical,  analysis  of,  151, 152 
Ores,    copper,   technical    analysis   of, 

184 
Ores,  iron,  analysis  of,  214 
Ores,  iron,  to  render  soluble,  21 4 
Organic  carbon  and  nitrogen  in  waters, 

409 
Organic  impurities  in  water,  estimation 

of,  without  gas  ap}>aratus,  445 
Organic  nitrogen  and  carbon  in  waters, 

409,  445 
Oxalates,  titration  of,  109 
Oxalic  acid,  normal,  48 
Oxidation  and  reduction  analyses,  120 
Oxidizing  agents,  120 
Oxygen  dissolved  in  waters,  269,  474 
Oxygen  dissolved  in  water  at  various 

temperatures,  275 
Oxygen  gas,  estimation  of,  500 
Oxygen  in  water,  estimation  of,  269, 

474 
Oxygen  in  water,  Adam's  method,  277 
Oxygen  in  waters,  M  o  h  r '  s  metho<l  of 

estimating,  270 
Oxygen  in  waters,  Winkler's  method 

of  estimating,  270 
Oxygoninwaters.Schutzenberger's 

method  of  estimating,  270 
Oxygen    in    waters,     Roscoe     and 

Lunt's    method   of    estimating, 

270,  271 
Oxygen  in  waters,  iodometric  method 

of  estimating,  277 
Oxygen  process  for  water,  comparison 

with  combustion  nietho<Is,  457 
Oxygen  process  for  water,  465,  471 

Palladium  asbestos  for  gases,  553 

Paper,  iodized  starch,  137 

l*apor,  lacmoid,  39 

Paper,  litmus,  35 

Paper,  turmeric,  35 

Paper,  turmeric,  alkaline,  35 

Pavy's    copper  solution   for  sugars, 

315 
Percentages,  method  for,  30 
Permanganate,     alkaline,     for    water 

analysis,  465 
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Permanganate  analyses,  calculation  of, 

126 
Permanganate  for  oxygen   process  in 

water  analysis,  465 
Penuangaiiato  of    potash,  gasometric 

titration  of,  123 
Permanganate,   precautions  in  using, 

Permanganate,    preparation    of   stan- 

dara  solution,  121 
Permanganate,  titration  with  double 

iron  salt,  122 
Permanganate,  titration  with  iron,  121 
Permanganate,  titration  of  ferric  salts 

by,  124 
Permanganate,  titration  of,  with  lead 

oxalate,  123 
Permanganate,  titration  of,  with  oxalic 

acid,  123 
Permanganate,     titration      of,      with 

hydrogen  peroxide,  123 
Permanganate,  verification  of  standard 

solution,  121 
Permanganate,  verification  of  standard 

solution  by  hydrogen  peroxide,  123 
Phenacetolin,  37 
Phenacotolin,  preparation  of,  37 
Phenol,  titration  of,  86G 
Phenolphthalein,  37 
Phenolpbthalein,  preparation  of,  37 
Phenolphthalein,      disadvantages      in 

using,  38 
Phosphates,  earthy,  in  urine,  390 
Phosphates  of  alkalies  in  urine,  390 
Phosphates  of  lime,  titration  of,  288 
Phosphoric  acid,  alkalimetric  titration 

of,  110 
Phosphoric  acid  in  combination  with 

alkaline  bases,  estimation  of,  286 
Phosphoric  acid  in  minerals,  estimation 

of,  291 
Phosphoric       acid,      Pemberton's 

methods  for,  293,  294 
Phosj)horic  acid,  titration  of  by  molyb- 

dftto,  293,  294. 
Phosphoric  acid,  uranium  method  for, 

28;-, 
Pinchcocks  for  burettes,  13 
Pipette,  the,  15 
Pipette  the,  calibration  of,  19 
Plato,  silver,  assay  of,  299 
Poly-snccharitlos,  nature  of,  305 
Porter-Clark  process  for  softening 

water,  454 
Potiish  an<l  soda,  caustic,  titration  of, 


55 


Potash  and  soda,  indirect  estimation 

of,  140 
Potash  and  soda,  mixed,  56 
Potiish  and  soda  in  urine,  398 
•Potash,  estimation  of,  GO,  Gl 
Potash,  estimation  of  in  neutral  salt*?, 

free  from  soda,  60 
Potash,  estimation   of  in  presence   of 

soda,  61 


Potash  solution,  normal,  49 
Potash  in  waters,  estimation  of,  442 
Potassic  carbonate,  normal,  47 
Potassic  ferricyanide  as  indicator,  127 
•  Potassic    iodide,    how   to    free    from 

iodate,  130 
Potassic  permanganate,  preparation  of 

standard  solution,  121 
Potassic    permanganate,    titration    of 

standard  solution,  121 
Preservation  of  solutions,  21 
Preservation  of  solutions,  Chorley's 

apparatus  for,  22 
Pressure    and    temperature    in     gas 

analysis,  492 
Processes,  direct  and  indirect,  31 
Processes,  titration,    termination    of, 

32 
Propylic  hydride  gas,   estimation   of, 

515 
Pump,  Sprengel,for  water  analysis, 

414 
Pyrites,  burnt,  analysis  of,  319 
Pyrites,  estimation  of  sulphur  in,  318 

Red  liquors,  examination  of,  64 
Reduction  and  oxidation  analyses,  120 
Reduction  agents.  120 
Regnault  and  Reiset'sgos appara- 
tus, 620 
Residual  titration,  55 
Residues,  water,  combustion  of,  413 
Rosolic  acid  or  corallin.  38 

Sachsse's  mercuric  iodide  for  sugar, 

311 
Sal  ammoniac,  analysis  of,  79 
Salt  cake,  65 
Salt  raw,  analysis  of,  67 
Salt  solution,  decinormal,  139 
Salt,  standard,  for  silver  assay,  301 
Salts,  alkaline,  titration  of,  55 
Salts,   metallic,   various,  titration  of, 

alkalimetrically,  116 
Sam|)lcs  of  water,  collection  of,  406 
Scheibler*s  apparatus  for  CO-,  101 
Schiitzenberger'smethod  of  estima- 
ting oxygen  in  waters,  270 
Septem,  the,  27 

Silicates,  iron  estimated  in,  217 
Silicates  of  potash  and  soda,  titration 

_  of.  67  , 
Silico-tiuoric  acid,  estimation  of,  105 
Silver  and  chlorine  analyses,  138 
Silver  and  thiocyanic  acid,  142 
Si  Ivor    assay,     Mulder's    improved 

method,  300 
Silver,   assay  of,   by  Gay  Lussac's 

method,  299 
Silver,  alloys,  assay  of.  298,  299 
Silver  chromate,  solubility  of,  139 
Silver,  estimation  of,  by  standard  sodic 

chloride,  298,  299 
Silver  plate,  assay  of,  299 
Silver  solution,  decinormal,  138 
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Silver  sohition.s  U80*l  in  photography, 

ossfiy  of,  304 
Silver,  titration  of,  by  starch  iodide, 

298 
Silver,  titration  of,  by  thiocyanate,  142, 

Sla^,  manpfancso  in.  228 

Soap,  aiialyt>i.s  of,  68 

Soap  solution  for  water  hardness,  405, 

466 
Soda  and  pot<ish,  indirect  estimation 

of,  141 
Soda  and  poUish  in  urine,  398 
Soda  and   potash,   mixc<I,   estimation 

of,  02 
Soda  and  potash  solutions,  purification 

of,  49 
Soila  ash,  titration  of,  63 
Soda  lyes,  examination  of,  64 
Soda  solution,  normal,  49 
Sodic  carbonate,  normal,  46 
So<lic  chloride,  <lecinormal.  139 
Sodic  hyposulphite,   SchUtaenber- 

ffer'8,12(»,  270 
Sodic  peroxide,  titration  of,  284 
Sodic  peroxide,  use  of,  as  Hux,  170 
Sodic  sulphide,  titration  of,  64 
Sodic  thiosulphate  solution,ducinormal, 

nreparation  of,  130 
S ol d  ai  n  i's  copper  solution  for  sugar, 

314 
Solids,  total  in  water,  estimation  of, 

430 
Solutions,  alkaline  and  acid,  prepara- 
tion of,  44 
Solutions,    correction    of    volume    for 

temperature,  25,  26 
Solutions,  metallic  odd,  titration  of,  by 

copper,  51 
Solutions,  normal,  27,  44 
Solutions,  normal,  definition  nf,  28 
Solutions,  normal,  based  on  molecular 

weights,  29 
Solutions,  preservation  of,  21 
Solutions,  standard,  correction  of,  51 
Solutions,  standard,   factors   for,   52, 

54 
Solutions,  standard,  used  by  weight, 

6,  21 
Soxhlet's    critical    experiments    on 

sugar  titration,  310 
Spiegoleisen,  estimation  of  manganese 

in,  227—282 
Sprcngel  pump  for  water  analysis, 

414 
Standard    alkaline    nitrite    for   water 

analysis,  404 
Standard  ammonic  molybdate,  294,  295 
Standard  ammonic  phosphate,  288 
Standanl  baryta  solution,  50 
Standard  calcic  phosphate,  289 
Standard   cop{)er  solution    for  sugar, 

Fehling's,309 
Standard   copper  solution    for  sugnr, 

ravy'8,315 


Standard   cjpper  solution   for  sugar, 

Gorrard's,  317 
Standard  indigo  solution,  464,  469 
Standard  potassic  phosphate,  287 
Standard  salt  solution  for  silver  asi-ay, 

301 
Standanl  silver  eolutii>n  for  water,  405, 

463 
Standard  soap  solution  for  hardness, 

405,  466 
Standard  solutions,  correction  of,  61 
Standard  solutions,  factors  for,  31,  54 
Stiindord  solutions  used  by  weight,  6, 

21 
SUin<lartl  water  for  hardness  (Clark ' s), 

405,  466 
Stannous  chloride  solution,  ]>reimration 

of,  128 
Starch  and  potassic  iodide,  permanent 

solution  of,  132 
Starch,  concentrated  solution  of,  131 
Starch  indicator,  preparation  of,  13L 
Starch,  inversion  of,  308 
Starch  solution,  preparation  of,  131 
Starch  paper  iodizeii.  1*7 
Steel,    estimation    of    manganese    in, 

227—232 
Stock  method  for  organic  nitrogen,  87 
Strontium  in  neutral  salts,  70 
Sugar,  grape  or  glucose,  805 — 317 
Sugar  in  urine,  ^imation  of,  391 
Sugar  in  urine,   coloriraetric  method 

for,  392 
Sugar,  malt  or  maltose,  307 
Sugar,  modifications  of,  807,  808 
Sugar  of  milk,  inversion  of,  307 
Sugar  solutions,   classification  of,  for 

analysis,  305 
Sugars,  titration  of.  by  Sid  or  sky's 

method,  313 
Sugar,    titration    of,   by  Gerrard's 

process,  317 
Sugar,  titration  of,  by  Po ska's  pro- 
cess, 315 
Sugar,  varieties  of,  305 
Sugars,   critical    experiments   on    the 

analysis  of,  310 
Sugars,  inverted  by  acid,  805,  807 
Sugars,  mixed,  titration  of,  317 
Sugars,   various    ratios   of  reduction, 

with  Fehling's  solution,  318,  316 
Sugats,  various,  inversion  into  glucose, 

807 
Sulphates  in  urine,  390 
Sulphides,   alkaline,   titration   of,   64, 

320,323 
Sulphides  in  alkali,  detection  of,  63 
Sulphides,  sulphites,  and  tbiosulphatcs 

in  same  solution,  estimation  of,  324 
Sulphides,   estimation  of   sulphur  in, 

820 
Sulphites,  alkaline  titration  of,  64,  822 
Sulphites    in    })resence    of     alkalies, 

destruction  of,  59 
Sulphites,  titration  of,  82'i 
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Sulphocarlwiiatos,  tiiiulion  of,  368 
Sulpfmr  in  coal  pras,  cHtiinatiun  of,  3*20 
Sul]»hur  in  pyrites,  estimation  of,  318 
Sulphur  in  sulphides,  estimation  of,  320 
Sulphuric  acid,  normal,  47 
Sulphuric  acid,  combined,  titration  of, 

325 
Sulphuric  acid  in  presence  of  hydro- 

lluoric  acid,  ostmiation  of,  100 
Sul]>huric  anhydride,  titration  of,  111 
Sulphurous  acid,  ratio  of,  in  solution, 

to  8i)eci(ic  gravity,  322 
Sulphurous  acid,  titration  of,  107,  822 
Sulphurous  acid  in  hydrofluoric  acid, 

estimation  of,  107 
Sulphurous  anhydride  gas,  estimation 

of,  466 
Sulphuretted    hydrogen   in  coal   gas, 

estimation  of,  32i) 
Sulphuretted  hydrogen  in  water,  esti- 
mation of,  330 
Sulphuretted   hydrogen,   titration  of, 

329 
Supcri>ho8pliates,  titration  of,  290 
Syringe  for  cleaning  gas  apiuiratns,  511 
Systen),  decimal,  origin  or,  23 
System  of  woightjj  and  measures  for 

volumetry,  23 

Tannic  acid,  titration  of,  331 

Tannin,  estimation  of,  by  antimony, 

339 
Tannin,   estimation    of,    by    gelatine, 

338 
Tannin,   titration    of,   Lo  wen  that's 

j)rt»cess,  331 
Tannin,  titration  (>f,  D reaper's  pro- 
cess, 330 
Tanning  materials,  percentage  of  timnin 

in,  335 
Tanning  materials,  preparation  of  for 

titnition,  332 
Tartar  emetic,  titration  of,  147 
Tartmto  solution,  alkaline,  for  sugar, 

309 
Tartrates,  titrcatiou  of,  112 
Temperature    and    pressure    in    gas 

analysis,  492 
Temperature,  variations,  influence  of 

on  solutions,  24,  25 
Test  mixer,  17 

Thiocarbonates,  titration  of,  868 
Thiocyanatc,  tlecinormal,  142 
Thiocyauatcs,  estimation  of,  197 
Thiocyanic  acid  and  silver,  142 
Thiosulphatc  and  iodine,  titration  by, 

128 
Thiosulphuti)  solution,  preparation  of, 

130 
Thiosulphatcs,  sulphides,  and  sulphites, 

mixtures  of,  323 
Thomas's  gas  apparatus,  537 
'IHn,  titration  of,  339 
Tin  oro,  titration  of,  340 
Titrated  solutions,  preservation  of,  21 
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Titration,  backward,  32,  55 
Titration,  residual,  32,  55 
Turmeric  pa|)er,  alkaline,  35 
Turmeric  paper,  35 

Two-foot  tube  for  water  cxamiDatioD, 
466 

Uranium  method  for  phosphoric  acid, 

285 
l^ranium  method,  J  on  lie's,  291 
Uranium,  standard  solution  of,  290 
Uranium,  titration  of,  341 
Urea,  titration  of,  by  hypobromite  and 

sodic  arsenito,  386,  389 
Urea  estimation,  apparatus  for,  387 
Urea  estimation,  corrections  for,  385 
Urea,  estimation  of,  by  hypobromite, 

386 
Urea,  estimation  of,  by  mercury,  382 
Urea  estimations,  experiments  on,  384 
Urea,  Liebig's  method  of  titratiou, 

382 
Uric  acid,  estimation  of,  392 
Urine,  albumen  in,  estimation  of,  397 
Urine,  analysis  of,  377 
Urine,  baryta  solution,  for  removing 

phosphates  and    sulphaiee   from, 

382 
Urine,    estimation    of    chlorides    in, 

378—382 
Urine,  free  acid  in,  397 
Urine,  ])otash  and  soda  in,  398 
Urine,  estimation  of  total  uitrogon  in, 

398 

Vanadium,  titndioh  of,  341 
Variations   of   temperature,  influence 

of,  on  solutions,  24 
Vinegar,  estimation  of  mineral  acids 

in,  90 
Vinegar,     titration     of,     by    copper 

solution,  51,  89 
Volumetric    analysis,    general     prin- 
ciples, 1 
Volumetric  and  gravimetric  analysis, 

distinction  between,  2 
Volumetric  analysis  without  weights, 

5,6 
Volumetric  methods,  classification  of,  3 
Volumetric  methods,  various,  reasons 

for,  4 

Water  analysis,  calculation  of  results, 

476 
Water  analysis,  interpretation  of  results 

of,  444 
Water  analysis,  reagents  for,  399,  463 
Water  free  from  ammonia,  preparation 
•      of,  400 
Water  free  from  ammonia  and  organic 

matter,  400 
Water,  hardness  of,  estimated  without 

soap  solution,  71 
W^ater  deposits,  microscopical  etamina- 

tion  of,  473 
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Water  reHidiios,  combustion  of,  413 
Water,  sof  toning  by  C 1  a  r  k '  s  process, 

454 
Water,  csitmation  of,  total  solids  in, 

430.  478 
Waters,  carbonic  acid  in,  05 
Waters  potable,  analysis  of,  398,  463 
Weighing  standard  solutions  instead  of 

measuring,  6 
Weights  and  measures,  rj'stematic,  for 

vohimetry,  23 
Wildonstein's  filter,  328 
Williamson    and    Kussell's    gas 

apparatus,  489 

Zinc,  ammoniaoal  solution,  preparation 
of,  343 


Zinc  containing  iron,  analysis  of,  347, 
350 

Zinc  dust,  analysis  of,  351 

Zinc  dust  for  reducing  ferric  com- 
pounds, 209 

Zinc  dust,  i)urification  oi,  for  reducing 
purposes,  209 

Zinc  dust,  titration  of,  351 

Zinc,  as  ferrooyanide,  estimation  of, 
346 

Zinc  ores,  analysis  of  bv  Vioille 
Montague  method,  345 

Zinc,  as  oxalate,  estimation  of,  350 

Zinc,  as  sulphide,  titration  of,  344,  345 

Zinc  oxide  and  carbonate,  analysis  of, 
352 

Zinc,  titration  of,  342—352 
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